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k�Usi ��aceUnfo#��acdfe{w:w	ght�bUsxvd g�ac� tzk ghrsa�b�n�xztvu ��":� k a �su{r#dfk#�ya�o n�e:g�rstvw]b#ehn�iGtvwhay��ghrsa�u.U#w"g�nyijale
b�d ��w�g�nMghrsa�ulnyijb#dykm�.d/wcUsi=nfo�iGn�ksal���:��rstvu{r ��tzx�x��>a�t�km~�acw	gha��fUskmg�tzxqg�rsaQu.U#w"g�nyijale
e�a g�tze�acw?"�� o�g�rsa/u nyijb#dyk�� i(d��yacwGwOU#ululacw�w"o Usx�t�km~�acw	ghijalkmg{wl�qg�rsa5o Usk#�swj��t�xzx}ijnye�a5ghr#dyk
wOU 4�u a5ghn�uln ~yale ghrsaMbse�nyijtvw	a�w@g�n g�rsa/u6U#w	ghn�ijale{w."�� k uldywha�g�rstvwjr#dfbsb>alk�wl��dyululnye{��t�ks�
g�n6����ac��tvw	r eZUsxza�wGo nye(ibU�gOU#dyx�u n�ijb#dfkst�acwc��dyxzx�a �su acw�wjbse�n �sg{wjdfe�aM�st�w	ghe�tz�@U�gha��6g�n ghrsa
u.U#w	ghnyijace�wqd�wd��>nyk�U#wUe�a gZUsehk "q��ksa}b>acu.Usxztvdfe�tzg"�@nfo�ghrsa�����ac�st�whrGwh��w"g�ali4tvwghr#a}o dyuWgUg�r#d g
g�rsa@�>nyk�U#w�e{d g�a@dfx�eha�dy���5dfx�xzn�uldfgha��Qg�njghrsa u6U#w	ghn�iGace�w}i(d �5��a@e�ac�U#u a��5e�a g�ehnmdyu ght�~yalx��(tzo
g�rsa@u n�ijb#dfk����>aculnyijacw}t�k#whnyx�~yalkmgn"

��t�k#u a�g�rsa���U#dfe{dfkmg�alac��ijn�k�g�rsx���b#d ��iGackmgtvwe�dfghrsace:x�n ��� iGnmw"gqu6U�w"g�nyijale{w:a ��b�a�uWgghrsa
�>nyk�U#w�b#d ��iGackmg�wghn�bse�n ~�t��sa}d�wOUs�#w	g�dyk�g�t�dyx�o e{dyuWg�tzn�k nyo�g�rsa}o U�gZUseha�e�a g�tze�alijack�gqb#d � � n�U�g{w."
��alk#ula�g�rsa�g{dyw�� nyo9ghrsa�u nyijb#dyk�� tvwqg�n t�km~�acw	g�ghr#a�ijacdyk#w�n���g�dytzksa��Go ehn�i ghrsa�u6U#w	ghn�iGace�w
t�k5d �}d � g�r#d g}��tzx�x �yt�~ya�d@�yn�n��(e�a gZUsehkQnyk�g�rsa�u6U#w	ghn�iGace�w�5mb#d ��iGackmg�w dfg}dyk5d�ulu acb�g�dy�sx�a
e�tvw�� �#��r#tzx�a@i(d���t�ks��wcU#eha�g�r#d g�g�rsa e�a gZUse�k�n�kMghrsa dyw�w	alg�w�tvw�dfg�xza�dyw	g�wcU�4(ultzackmg�ghnQuln ~yace
g�rsa@��U#dfe{dfkmghacac�Qb#d ��iGackmg�w�bse�nyijtvw	a��Qt�k�ghrsa b�n�xztvu t�acwc�sbse�a o ace�dy�sxz�Q��t�g�rsn�U�g�al~yace�r#d ~�tzk#�
g�n(eha���U#ula�g�rsa��>nyk�U#w�dfx�x�n�ucd g�tzn�k#w�ehalghe�n�dyu ght�~yacxz��"

� k n�e��sale`g�n���U#dfe{dfkmghacaUghr#dfg]g�rsa}u nyijb#dyk���tvw:n�k�ghe{dyu ��ghn �}dfe{�sw`uln ~yaceht�ks��tzg�wbse�nyijt�whacw
g�n�g�rsa u.U#w"g�nyijale{wc�#g�rsa e�al��Usx�dfght�ks�Qd�U�ghrsn�ehtzght�acw�eha76WUstze�a�g�rsa ulnyijb#dfk��5ghn�df�stv��a ����g"��n
wha g{w�nfo}eOU#xza�w."(�}rsa �#e{w"g@i(d��yacw�wOUse�a g�r#d g�g�rsa�u n�ijb#dfk��Iu n ~�ale{w�g�rsa(��U�dfe{dfkmghacac�Ib�d ���
ijack�g{wl�>��rst�xza ghrsa w	a�u nyk��Mt�w���acwhtz��ksac��g�nQi(d���a@wcU#eha�g�r#d g�ghrsa u nyijb#dyk��5tvw�wOU 4�u t�alkmghx��
whnyx�~yackmg�g�n(rsnyk#nye�ghrsa��>nyk�U#whacw��st�w	ghe�tz�@U�gha��Qg�njghrsa@u.U#w	ghnyijace�w?" ��nfghr5ghr#acwha@w	alg�w}nfoUe�al���
U#x�dfght�nyk#w�g{d��ya ghr#a o n�ehiBnfo�e�acwhale�~ya�wl� ��rstvu{r ksala��Ig�n��>a(u n ~�ale�ac�/���/g�rsa(dyw�w	alg�w�nfo�ghrsa
ulnyijb#dykm��"��}rsa n ~�ale{dfx�x`��acult�wht�nyk�� bse�ny�sx�ali ghrsacehalo nye�a@t�w�dfkP(�*Z*.-./a143�(�5.371437/\9G:<(=&
(.>W-.:<-.&@/
! � !]p #�bse�ny�sx�aliG"j�}rsa(w	tedlajnfo ghrsa �#e{w	g�e�acwhale�~ya t�w�x�n�n�whalx��Iu n�Usbsx�ac�/g�n�ghrsa(bse�al~ dytzx�tzk#�
x�nyk#��� ghale�i t�k�g�ale�acw	g�e{d g�acwc����rstzx�a�ghrsa�nyghrsace�tvw���alghale�ijtzk#ac�5�m�jg�rsa���n�k�U#w}e�dfgha�nfo:e�a gZUse�k
��tz~�alk�"<��ack#u a���ghrsa ulnyijb#dykm��ksala�� ghn ulnyk#wht��sale(g�rsa u n�ehe�alxvd g�tzn�k��>a g"��alack ghrsa d�whwha g
��t�alxv�swjdfk#��ghrsa�xzn�ks��� ghacehi t�kmghale�acw	g e{d g�acw ��rsalk ��a g�ale�ijtzkst�ks� ghrsa�b�n�e	gho nyx�tzn��qtzk�nye{��ale
g�n5i(d��ya wOUse�a@g�r#d g�ghrsa �#e{w"g�eha�w	aceh~�a@tvw�uln ~yale�ac��"�� kIg�rsajwhdyiGa o dywhrst�nyk`�>ghr#aGwha ghght�ks�5nyo
g�rsa(�>nyk�U#w�e{d gha�w�dfk#� ghrsajt�k�~yacw	ghijack�g�b>nyehg	o n�xzt�n�whalx�acu gha�� ksacac�sw�g�nM��a(u n�n�e���t�k#dfghac� tzk
n�e��saleghn�x�n ��ace:g�rsa�ehtvw���nfo#g�rsa�u n�ijb#dfk����>alt�ks��o nye{u ac�@ghn�e�a ghe�n�d�uWg�tz~�alx���x�n ��aleghrsa}�>nyk�U#w
dyxzx�n�uldfght�nyk#w?"
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� ��n�n��Itzk�~ya�w"g�ijalkmg�b>nyehg	o n�xzt�nQtvw�nyksa ��rst�u{r.�yt�~ya�w�d�r#tz��r a ��b>acu ghac� ��tzacx��.d g�x�n ��e�t�w�� �
��t�g�r�e�t�w�� ��a �#ksa��(���Gdyk�dfbsbse�nyb#ehtvd g�a�ehtvw�� ijacdywOUse�a�"
	 rsalk5pIdfe �yn ~�tzgOd�� ���� tzkmghe�n���U#ulac�
rstvw@ijacdyk�� ~ dyehtvdfk#ula b>nyehg	o n�xzt�nIwhalx�acuWg�tzn�k gha�u{rskst 6�U#ay�]ghrsa�e�tvw��.iGa�dywOUse�a�u{rsn�whalk ��d�w�ghr#a
w"g{dfk#�#dfe{� ��al~�tvd g�tzn�k nfo�g�rsa5e�acdyxztedla���e�a gOU#ehk�" � ksnfg�rsalejdfbsb#ehnmdyu{r ghn ijn���alx�ghrsa�e�t�w�� �
dy��~�ale{w	a ��acr#d ~�tzn�e�nyo�d5e�dfght�nyk#dyx]t�k�~ya�w"g�nye��9tzkmghac�ye{d g�tzks�5ehtvw��Idfk#� ehac��dye��9� tvw�ghrsa<U#whaGnfo
U�ght�x�t�g"�5o Usk#u ght�nyk#wc��d�w���acw�u e�tz�>ac�������qn�k ��a?Usi(dfksk/dfk���pInye��yalk�w"g�ale�k�� �����"}��g�rsale�ehtvw��
ijacdywOUse�acw��>acwht���a�~ dfe�tvdfk#ula�t�k#u xeU#��a�w}~ dfxeUsa � d g�� e�t�w�� ! whala���" � "#p/n�eh�mdfk�� ���� # �#u n�k#��tzght�nyk#dyx
~ dfxeUsa � d g�� e�t�w�� �ydywKU#whac�j��� � k#��ace�w�w	n�k`��p d=U#w�w	acec�m��n�whalk�dyk#�(|�e���d�w	ac~���	� �mdyk#�(df��w	n�xmU�g�a
��al~�tvd g�tzn�k`�hU#whac�6�m����nyk#ksn.dyk#� $ dyi(d=dcd���t�� �
	��"�
#nyejdfx�x�ghrsa�w	aMbse�ny�sx�ali(wc��nyk#xz��n�ksa
��acult�wht�nyk tvw�i(dy��a���dfk�� ghr#a b>nyehg	o n�xzt�n6tvw/u n�k#wht���aceha��,ghn �>a � ��a���n ~�ale�g�rsa���acult�wht�nyk
rsnye�tedlnyk "

� k i�U#x�g�t � w"g{df��a5b>nyehg	o n�xzt�n.b#ehn��sxzaci(wl�qg�rsaMb�n�e	gho nyx�tzn tvw k#nfg�u n�k#w	tv��aceha���ghn �>a � ��a��
n ~yace g�rsa�tzk�~�acw	ghijalkmg�rsnye�tedlnyk:�m�@U�g�tzk�w"g�acdy�5b>ale�tzn���tvuldyxzx���e�al�#dyx�dyk#u a�� "��alk#ulay��g�rsa�nybsght��
i(dfxq��acult�wht�nykItvw�ksn5x�nyk#�yale�d5b�n�e	gho nyx�tzn��>�@U�g@dQw	ghe{d ghac�y��� �sacw�u e�tz�st�ks�5rsn ��ghr#a b>nyehg	o n�xzt�n
w	r#n�Usxv� ��a���dfxvdfk#ulac� o nye@a�dyu{r b�aceht�n��.t�k ght�ija�""��nyghr ghr#a�ijacdfk ~ dfe�tvdfk#ulajdyk#�;U�ght�x�t�g"�
o Usk#u ght�nyk.o e�dyiGac��n�e���w�r#d ~yaG��acalk a ��ghack#��a��/ghn�g�rsaji�Usxzghtqb>ale�tzn��.uldywhaG�m�IpIn�w�w	t�k�� �f��
dfk#����d�� dfk#w�w	n�k�� �f�s�#�����"

� kQghrsa�dfehghtvu x�acw�u tzgha��Qdy��n ~�ay��ghrsa�bse�ny�sx�ali(w�dfe�a�bUse�a�b>nyx�tvu �(nybsght�iGtedcdfght�nyk�b#ehn��sxzaci(w
w	t�k#ula�ksnGw	b>acult�dyx�bU#ehb>n�wha�nyo9ghrsa���tzacx��sw�nfo:ghrsa�tzk�~ya�w"g�ijalkmg�tvw}w	b>acult �#a�� "�	 rsalk5eOU#kskst�ks�
dfk tzk�wcUse{dfk�u a(u n�iGb�dfk��y�:ghrsa(bU#ehb>n�whajnfo�ghrsa(t�k�~yacw	ghijack�g{w�t�w�ghn/�>a�df�sx�aGghnIu n ~�ale�ghr#a
b#d ��ijalkmg�w ghn g�rsa/b>nyx�t�ul� rsnyxv��ace�w?" ��alk#ula/t�g�tvwjijnye�a�dybsbse�nybse�tvd gha5ghn o n�ehibUsx�dfgha�ghr#a
��acult�wht�nyk bse�ny�sx�ali d�wQdfk�dyw�w	algQxztvdf�#tzx�t�g"�,bse�ny�#xzaci ! � !:p #W�}��rsale�a/g�rsa x�t�dy�st�xztzght�acw�dfe�a
a ��bsx�t�ult�g�xz�/ulnyk#wht��sale�ac����rsalkIghrsa b�n�e	gho nyx�tzn�tvw�u{rsn�whalk�" � ��dytzk`� � !]p bse�ny�sx�ali(w�ijd ���>a
w	t�ks��xza�� w	g�dy�ya n�eUi�Usxzght�� w	g�dy�ya}bse�ny�sx�ali(w?"]�}rsa �#e{w	gUibUsxzght�� w	g�dy�ya�iGn���acx�wo n�ehibUsxvd gha��9�ywOU#u{r
dyw����5��r#dfi ��ace�w�dfk�����r#dyehksa�w���	��� �sd�whwOUsija�g�rsa�o U�gOUse�a�ghnG��a�b>aleho acu ghx��$��ksn ��k�"Up/nye�a
dy��~ dyk#u a���ijn��salxvwl�ywOU#u{r d�w]ghrsa�nyksa�o nye�i�U#x�dfghac�@�m� ��e{dy��x�al��dyk#�G��e{dfksa�� �� � t�k#ulnye�b�n�e�dfgha
ghrsa e�dyk#��n�iGk#acw�w�t�ksrsale�alkmg�tzkIb>nyehg	o n�xzt�nQwhalx�acu ght�nyk�"�	 rsalk.e�dyk#��nyijksa�whw�t�w�tzk�~�nyx�~yac�`����a
i�U#w	g���a g�ale�iGt�ksa���r#d g}tzg�ijacdyk#w�o nye}d whnyxeU�g�tzn�k(ghnG��a�o acd�w	t��sx�a�"�	 a�i(d �jaltzghr#ale}eha76WUstze�a
ghrsaGu n�k#w"g�e�dytzkmg{w}ghn�r#nyxv�M��t�g�rIbse�ny�#dy�stzx�tzg"� 	y�>nye�eha76�U#tze�a�ghr#a u n�k#w"g�e�dytzkmg{w}ghn5rsnyxv�M��t�g�r
dMbse�ac��a �#ksac� bse�ny��df�st�xztzg"�y�]eha�wcU#x�g�tzks�Mt�k d/u{r#dfk�u a(u n�k#w"g�e�dytzk#ac�.bsehn��sx�ali ! w	aca5��r#dfe�ksa�w
dfk#� ��n�nyb>ale���	��� #6"@�}rstvw ��t�k#�Inyo�u n�k#w	ghe{dft�k�g{w�dyeha tzk#ulxmU���ac�.tzk ��ace	g75 w�� �f��qijn���alxUnyo�d
�[Usg�u{rMb�ack#whtzn�k5o U#k#� "

��k#a5g"��b>a/nfo�xztzo a/t�k#wcU#e�dyk#u aMbse�n���U#uWg�n 2>aceha��6���6whnyijaMx�t�o aIt�k#wOUse{dfk#ula�ulnyijb#dfk#tza�w
! dyx�g�rsn�Us��r.k#nfg����In�Use�b#dye	g�ksale #�t�w�dyk.a76WUst�g"� xzt�k
�ya��.ulnykmghe{dyu g���tzghr ��U�dfe{dfkmghaca�"G��U#u{r
dGb�n�xztvu �5��tzx�x`b#d �(g�rsa�i(d ��t�i�Usi nyoUdG��U#dfe{dfkmghacac�5dfijn�Uskmg�dfk��Qg�rsa�~ dfxeUsa�nfoqdfk�tzk���a �
��rsalk ghrsaju n�kmghe{dyuWg�i(d gOU#eha�w ! t�" a�"�� ghrsaGb>nyx�t�ul��� rsn�x���ace�e�acd�u{rsacw�dQulalehg�dft�k dy�yay� n�e���t�acw #B"
��ehacksk#dfk dfk#� ��u{r���dye	g{w ��	c�� w	rsn �Jrsn ��ghr#acwha b>nyx�t�ultza�w�i(d �/��a(��a�u nyijb>n�whac� tzkmghn5ghr#a
��U#dye�dykmghala�� dfijn�Uskmg dyk#��dfk�n�b�ght�nyk6��t�g�r�ghrsa�w"g�eht��ya�� b#ehtvu aj�yt�~yack���� g�rsaQ��U#dfe{dfkmghacac�
dfijn�U#k�gn" �}r#t�wM��a�u nyijb>n�wht�g�tzn�k�tvw�g�rsa.��dywht�w5nfo dyk t�km~�acw	ghijalkmgMw"g�e�dfghal������r#ale�aIghr#a
u n�iGb�dfk���ghe�tza�wUghn�e�albsx�tvuld g�a�ghrsa�n�b�ght�nyk�"U
U#e	g�rsale�ijnye�ay����ehacksk#dykGdyk#�(��u{r���dye	g{wwOUs���yacw	g
ghr#dfg���t 2>acehackmg�tzk�~�acw	ghijalkmg�w	ghe{d ghac�yt�acw�g�rsali(whalx�~yacw�ijd �5��a u nyk�w	tv��ale�ac�Md�w�dyw�w	alg�w�t�kMghr#a
b�n�e	gho nyx�tzn(whalx�acu ght�nyk�bsehn��sx�aliG"

��n ��ac~yacec�}nybsght�nyk�e�albsx�tvuld g�tzn�k���n�acw5ksnfgMdfbsb>acdye�g�n ��a wOUst�g{df�sx�aIo n�e�g�rsa ����a���t�whr

�



ulnyk#�st�g�tzn�k#wl��w	t�k#u a.ghr#ale�a tvwQksn u x�acdyeQeZUsxza.nfo r#n �[ibU#u{r�g�rsa b>nyx�tvu � rsn�x���aceQe�aculalt�~yacw
dfg i(d gZUsehtzg"��" ! �}rsa�e�acd�w	n�k.o n�e@g�rst�w t�w@ghr#dfg g�rsaQu n�ijb#dfk�� tzg�whalxzo�wha g�w@ghrsa5��n�k�U#w�e{d gha
nyo�ehalgOUse�k�" #,� k#w	ghacd��9���a�u{rsn�nmw	aGghn/ijn���acx n�U#e�bsehn��sx�ali=d�w@dMi�U#x�g�t � w"g{df��a�w"g�n�u{r�dyw	ghtvu
x�t�ksacdye bse�ny��e�dyiG"/� k ghr#aQx�t�g�ale{d gOU#ehaQghrsa�w	a5a ��t�w	gGwhal~�ale{dfx�ijn���acx�w nfo�g�rstvw@g"��b>a5��a�dfx�tzks�
��tzghr � !:p �:g�rsaQijn�w	g t�ijb�n�e	g{dfkmg n�ksacw ��actzks� �`U#wh� dyk#���>t�ali ��d � �m�� ����dfe�t��sn/algGdyx�"
��	���� 	�	f� 	��� �m��alehg�� �f�� ! ijn���t��#ac�(������nyk���dlt�n@dfk#����n�Um��alk��>ale���ghn@e�alijn ~ya}g�rsa�u{r�dfk#ula
ulnyk#w	ghe{dft�kmg�w � �y�� #W�>��n�k#whtz��xzt`dyk#�5��alijb#w	ghace ��	  ]dyk#����� ��x�dyk#��dfk#� 	 dyxzxvdyula � ����\"
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� o}��a x�tzijtzg�ghrsajk�Usi ��ace�nfo�b>nyt�kmg�w�t�k.g�tzijaj��rsacehaj��acult�wht�nyk#w�uldyk.�>aji(dy��aGghn/d��#kstzgha
wha g��sdfk#��dyw�wOUsija�g�r#d g���a��snGk#nfg���t�whr5ghnjr#d ~ya�dfk���u{r#dyk#u a�� ulnyk#w	ghe{dft�kmg�w tzk�n�Use�ijn���acx �
g�rsalk�g�rsa � !]p=b#ehn��sxzaci i(d ���>a�o nye�i�Usxvd g�ac��dyw�ghr�d g�ghn �

ijtzk#tzijtedla
xt,t∈{0,...,T}

f0(x0(ξ0), ξ0) + � P
ξ1

[f1(x1(ξ1), ξ1) + � P
ξ2|ξ1

[f2(x2(ξ2), ξ2)

+ . . . + � P
ξT |ξT−1

[fT (xT (ξT ), ξT )] . . .]],
!�	�"�	cd #

wOUs���"a�uWg�g�n
x0(ξ0) ∈ X0(ξ0),

!�	�"�	l� #
xt(ξt) ∈ Xt(

−→x t−1(ξt), ξt), t = 1, . . . , T.
!�	�"�	�u�#

��ale�ay�
ξt

ehacbse�acwhalkmg�wGdfx�x}e�dyk#��nyi t�k�o n�ehi(d g�tzn�k ��ksn ��k�dfg g�tzija
t
���sa �#ksa�� n�k�d w"g{dfk��

�#dfe{�(bse�ny�#dy�stzx�tzg"�Gwhb#dyula
(Ω,  , P )

�sdyk#� � P ija�dfk#w ghr#dfg�a ��b�a�uWg�dfght�nyk#w�dfe�a�g�d��yack U#whtzks�
g�rstvw ija�dywOUseha�" � xzx}b>n�w�w	t��sx�aQe{dfk#��n�i n�U�g{u nyija�w@nfo

ξt

��a ��ksa5d �#x�g�e�dfght�nyk  t

n�k�ghrstvw
b#ehn��#df�st�x�t�g"�,w	b�dyu a�����rsale�a  t

��tzx�x�u nyk�w	tvw"g�nfo@dfx�x�al~yackmg�w���r#n�whaIn�U�g{u n�iGa t�w �mk#n ��k
dfg@ght�ija

t
"I�}rsa���acult�wht�nyk�~ dfe�t�dy�sx�acw

xt

dyeha�w�dftv� ghn ��aQo Usx ��xzx�tzk#� &
E=&@0c(�&�/�3�R.3 S@(�/\37]?37/\9�tzo
g�rsal��nyksx�� ��acb�ack#� nyk tzk�o n�ehi(dfght�nyk,d ~ dytzxvdf�#xzaMd gjght�ija

t
����rstvu{r t�w(a76WUstz~ dyxzack�gGghn�e�a �

6WUst�e�a(ghr#dfg
xt

tvw ija�dywOUse�dy�sx�aG��tzghr6eha�w	b>acu g@ghn  t

" 	 a U#wha(ghr#a5whrsnyehghr#dyk#� ksnfg{d g�tzn�k
−→x t(ξt) = (x0(ξ0), x1(ξ1), . . . , xt(ξt))

g�n e�alb#eha�w	ack�gjg�rsa/alkmght�e�aI��acult�whtzn�k�r#t�w	ghn�eh��" � k
a�dyu{rGb�aceht�n��9�fg�rsa���a�u tvw	t�nyk�wUijd���a�i�U�w"g��>a}o acd�w	t��sx�ay��dyk#� ghrsa�wha g�nyo�o a�dywhtz�#xza���a�u tvw	t�nyk�wUt�w
t�k��@U#alk#ulac� ��nyghrG�m��e{dfk���nyi�n�U�g�ulnyijacwUdfk��@bse�al~�t�n�U#w��acult�wht�nyk#wc�fdywt�k#��tvuld g�ac� ���$!�	�"�	cu #B"

��t�k#u aIghrsaI~ dyehtvdf�sx�acw
xt(ξt), t > 0

�}�salb>alk#�,n�k e{dfk���nyi*n�U�g{u nyija�wl��ghrsa.w	b#d�u a/nyo
b>n�w�whtz�sx�aj��acult�whtzn�k#w���tzx�xU��aGtzk �#kstzgha � ��t�ijalk#whtzn�k#dfxUtzo g�rsaGwhb#d�u a nyo b>n�w�w	t��sx�a n�U�g�ulnyijacw

Ωtvw�ksnfg �#kstzgha�"�p/nmw"g�u nyijbUsg�d g�tzn�k#dfx]ija ghr#n��#w���rstvu{rIi(d �M��a alijbsx�n �ya���ghn5whnyx�~ya !�	�"�	 #
d�whwOUsija}ghr�d g�g�rsa�whb#dyula�nfo b�nmwhwhtz�#xza�e{dfk#�snyiJn�U�g�ulnyijacw�t�w ��kst�g�ay�mijacdfk#tzks��g�r#d g�t�o ghr#t�w t�w
k#nfg�g�eOUsa��#g�rsa n�U�g�ulnyijacw�ksala���ghnQ�>a ��tvw�u e�a ghtedla��Mtzkmg�nQd�w�u alk�dfe�tznGghe�ala�"�� oqghrsa bsehn��sx�ali
o U#x �#x�xvwGd��s��tzght�nyk#dyx e�a�6WUst�ehacijalkmg�w wcU#u{r�dyw@tvwhn�� alxvdyw	ghtvu<U�ght�xztzg"� ! eZUsx�tzk#� n�Usg ijn�w	gc�Utzo�ksnfg
dyxzx � !]p iGn���acx�w #W��ksn�whale�t�dyx:u n�ehe�alxvd g�tzn�k#w�tzkMg�rsa@e{dfk#��n�i ~ dfe�tvdf�sx�acwc�#dfk���dyk/ny���"a�uWg�tz~�a
o U#k#uWg�tzn�k ��r#t�u{r,w	acb#dfe{d g�acw n ~yace g�rsa�ght�iGa�� w	g�dy�ya�wl� ghrsack ����k#dyijt�u�bse�ny��e�dyiGijt�ks�Ii(d �
�>a;U#w	a��,o nye�bse�ny�sx�ali(w5��t�g�r�ulnykmght�k�Usn�U#w5w"g{d g�acw ! whalaIo n�e5t�k#w	g�dyk#u a ��dfibUsalxvw	n�k � �m�� #B"
����k#dfijtvu bsehn��ye{dfijijtzk#� i(d �,dyx�whn ��a U#whac��o nyeMxzn ��� ��t�ijalk#whtzn�k#dfx�w"g{d g�a whb#d�u acw�dfk��
whalb�dfe{df�sx�a�n����"acu ght�~ya�o Usk#u ght�nyk#wc���U�g�g�rstvw}g"��b�a�nfoqdfb#bsehnmdyu{r�tvw}e{dfe�a�o n�e � !:p bse�ny�#xzacijw
d�w�b�n�e	gho nyx�tznjdfx�xzn�ucd ght�nyk�w�g�alk#�QghnG��a�ulnykmght�k�Usn�U#w?"���ghrsace�b#ehn��sxzaci(w�dyeha�ijnye�a�wOUstzghac��o nye
g�rstvw ��tzk#�.nfo}dfbsb#ehnmdyu{r`�`wOU#u{r dyw�ghrsa�w	ghn�u{r#d�w"g�t�ubUskstzg u n�ijiGtzghijack�g�bse�ny�#xzaci ! �d���e�t�g�t �
��e{dywhalk��se�t�k
��dfk#� 	;U � ���� #6"

�



�}r#a�ijnmw"g�u n�ijiGn�k dybsbse�n�d�u{rsacw ghn ghr#a�b#ehn��sxzaci !�	�"�	 #Gdfe�a���a�u n�iGb>n�whtzght�nyk�ghacu{r
�
kst 6�U#acw?"
	 r#alk/��aculnyijb>n�whtzks� ghr#a�b#ehn��sxzaci tzkmg�njw�u ack#dfe�t�n�wc��n�ksa�bsehn��sx�ali tvw�o nye�i�Usxvd g�ac�
o nye�a�dyu{r,b>n�w�w	t��sx�a/e�dyk#��nyi n�U�g{u nyijaIdyk#��ghrsaIk#nyk�� dfkmghtvu t�b#dfght�~mtzg"� nyo�g�rsaIbse�ny�#xzaci t�w
alk�o n�e�ulac� U#whtzk#��a ��bsx�t�ult�g�u nyk�w"g�e�dytzkmg�w?"}�}rsa@ksn�k�� dykmghtvu t�b#d g�tz~�tzg"�5u n�k#w	ghe{dft�k�g{w�dfe�a@e�alxvd ��ac�
U#whtzks�/!]df�ye{dfk#�ytvdfk/e�alxvd �sd g�tzn�k`�`dfk#�Ighrsa(e�acwOUsxzght�ks�M��U#dfxqb#ehn��sxzaciLtvw�w	n�xz~�ac�IU�w	t�ks�M��U#dfx
dyw�u ack�gGija ghr#n��#w." � wht�iGt�xvdfeGiGalghrsn��6t�w ghr#a5bse�ny��eha�whwht�~yajrsac�s�yt�ks� ija g�rsn�� ������n�u � �
d o acxzxvdfe�dfk#� 	 a g{w�� ���� � ��rstvu{rIU#whacw�ghr#a bse�al~�t�n�U#w�t�g�ale{d ght�nyk�w 5 d ~yace�dy�ya�~ dfxeUsa nyo

xt

n ~yace
acd�u{r t�k�o nye�i(d ght�nyk w	alg ! ghrsa�wOUs�#wha g�nfo

Ω
n ~�ale���rst�u{r

ξt

tvw�u n�k#w"g{dfkmg #�ghn/ulnyk#w	gheZU#uWg�ghr#a
ehacx�d �sd ght�nyk "

�}r#aGb#ehn��sxzaci !�	�"�	 #�i(d �Idyx�g�ale�k#d g�tz~�alx��/��a(��a�u nyijb>n�whac� �m�Ight�iGa�� w	g�dy�ya�wl�9e�acwOUsxzght�ks�
tzk6ghrsa/! � whr#dfb>ac�6��aculnyijb�nmw	tzght�nyk�ija ghr#n������ ��dfk ��xz� ��a5dfk���	 a g�w � �!�� ����r#t�u{r���d�w
a ��ghack#��a�� g�nMi�Usxzght�bsx�aQw"g{df��acw���� ��tze��ya � ���" � w���tzghr ijn�w	g !`��� �#d�w	a��.��a�u n�iGb>n�whtzght�nyk
ija ghr#n��#wl�}! � w	r�dfb>ac�6�sacu n�ijb�nmw	tzght�nyk i(d � wcU 2 alejo e�nyi*w	x�n � u n�k�~yale��yack#u a���dywGg�rsa/w	n��
xmUsght�nyk6wha�6WUsack#u a�tvwbUsk#w	g�df�#xza�".�}rsa5bsehn�b�nmwhdyx ��� �aU#wOdcu6dc���#w���t�� �����t�w@ghn t�kmghe�n���U#u a�d
ehac��Usxvdfe�tedcd g�tzn�k.uln�w	g�� ghale�iB��r#t�u{r w	g�dy�stzx�tedlacw�ghrsaQwha�6WUsack#u a(nyo�w	n�xmU�g�tzn�k#w?"5�}rstvw@r#d�w�ghr#a
dy�s�sac��d���~ dfkmg�dy�ya�nyo`ijd���tzks� t�g}b�nmwhwht��sxza�ghnG��alx�a g�a�t�k#dyu ght�~ya�u.U�g�w���rst�x�a�w	ght�xzx ��U�dfe{dfkmghaca �
tzk#�julnyk�~yaceh��alk#ula�"

� k�w"g�acdy��nfoYU�ght�x�tmdctzks�6ghrsa w	gheZU#uWgZUseha nfo�ghr#a bse�ny�sx�ali !�	�"�	 #jg�n6��aculnyijb>n�whaIt�gMt�k�g�n
��t 2>acehack�g wOUs�sb#ehn��sxzaci(wl�]t�g@tvw�b>n�w�w	t��sx�ajghn U�g�tzx�tmdcajghrsa5w"g�eOU#u gOUse�ajnfo�ghrsaQbsehn��sx�aliL��rst�x�a
w	n�xz~�t�ks�Gghrsa@�sa ghacehijt�kstvw"g�t�u�a76�U#tz~ dfx�alkmg���t�eha�uWg�xz��"�
snye�a �sdfijbsx�ay����t�eh��a�dyk#����t � � U�ght�x�tmdca
ghrsa@ulnyk#w	ghe{dft�kmg�i(dfghe�t �5w	gheZU#u gOUse�a���rsalk/��ac~mtvwhtzks�jdfkMt�kmghale�t�nye}b�n�tzkmg�ija g�rsn��Qo n�e�d g"��n��
w"g{df��aGb#ehn��sxzaciG"Q
Usehghr#ale@bse�ny��eha�whw�o n�e�i�Usxzght�� w	g�dy�yajbse�ny�sx�ali(w�r�dyw��>alalk�i(d���a(tzk g�rst�w
dfe�acd ���5�mghactzk��#d�u{r�� �m��]dfk#� ��x�nyi �}dfx�x9dfk#��!`t�k#���>ale�� � ��\"

��	�� � )�$&(*'�( ���
	 $&� ��'�� $&(
�}rsa�i(dft�kQg�rsalija�nfo]ghrsa���nye �jxza�dy��t�ks� ghnGghrstvw}g�rsacwht�w�tvw�ghn(u e�acdfgha�dfk � !]p=wh��w"g�ali o n�e
d(����a���tvw	rMx�t�o a�t�k#wOUse�dyk#u a�ulnyijb#dfk���"q� k�n�e��sale}ghnj��nye ��bse�nyb>ale�xz���swcU�u{r�d(wh��w"g�ali k#alac�#w
dGkWU#i �>ale�nfoo acdfgOUse�acw��

• 	 ajksala�� d5iGn���acxUnfo g�rsa RZE=:TS@(�&�9 ��rstvu{r t�k#ulxmU#�sacw�dfx�xUehacxzac~ dfkmg�ulnyk#w	ghe{dft�kmg�w�nykg�rsa�bse�ny�sx�aliM�swOU#u{r/dyw�ghe{dy�stzks�Ge�acw	ghe�t�u ght�nyk#wc�sw"g{d gZU�ghn�eh�(eZUsx�acw�dfk���whnGo nyehghr�"

• 	 aQksacac� dIiGn���acx nyo�ghrsa�u nyijb#dyk�� 5 wX143�(�56371837/�3�-6*W��dfk�� rsn � ghrsa�w	a�x�tvdf�st�xztzght�acw dfe�a
d32>a�uWgha������ ghrsa���acult�whtzn�k#w@nyo}ghrsa�u nyijb#dyk�� dyk#� ghr#aQe{dfk#��n�iBn�U�g�ulnyijacw nfo�ghr#a
a�u nyk#nyi �QiGn���acx�"

• 	 a�ksacac��d}ijn���alxfnyo�g�rsaa*BQ�FBFOE=Q�&
L�37&�>`-ZR,E=&
E�:�9 � uldyb#df�sx�aUnfo�bse�n���U#u t�ks��d�w�u alk�dfe�tzn��e�albse�acwhalkmg{d ght�nyk(nyo ghrsaAUsk
��ksn ��k(e{dfk#�snyi b#dfe{dfija g�ale{wq��rstvu{rQdfe�a�ulnyk#wht�w	ghackmg ��t�g�r
g�rsa@wcU#���"acu ght�~ya��>alx�tzalo w�nfo]ghrsa@��a�u tvw	t�nyk�i(d���ale{w."

• 	 a�ksacac� (�1 >WE�FB37/ N�:b*@uldfb�df�sx�ajnfo�w	n�xz~�t�ks�5t�k#w	g�dyk#u a�w�nfo�ghrsa(bse�ny�#xzaciLnfo}ehacxzac~ dfkmg
whtmdcacw?"

• 	 a�k#alac�(ghn �>a�dy�sx�a�ghn tzkmg�ale�bsehalg�ghr#a�n�U�ghbUsg�nfo9g�rsa�ijn���acx ��t�k�nye{��ale ghn gOUse�k(ghr#an�U�ghbUsg�tzkmg�njd���~�t�ula�ghnGghrsa@�sacu tvwhtzn�k�� i(d��yale{w?"
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� :� � 8� tzk.ghrstvw�ghr#acwht�w�tvw�tzkmghack#��a��Ig�nMd��s��e�acw�w�g�rsaGghrse�ala �#e{w	g�tzghacijw�t�k.ghrstvw�xztvw	g?"
� kQt�g���a��sal~yacxzn�b�dfk�d�whwha g x�tvdf�st�xztzg"�jijn��salxso n�e�d ����a���tvw	r(x�t�o a�tzk�wcUse{dfk�u a�ulnyijb#dfk���"�}rsa
b@Usehb>n�wha@nyoqghrstvw�ijn���acx]�}dyw�ghn5whale�~ya@d�w�d�bsehnyghnyg"�mb>ay� ��aciGn�k#w	ghe{d ght�ks�jg�rsaGd���~ dfkmg�dy�ya�w
nyo`����k#dfijtvu�dyw�w	algUx�tvdf�st�xztzg"� i(dyk#df��alijalkmg�n ~yaceghrsa�ulnyijb#dykm�15 wqu6Use�e�alkmg�w"g{d ghtvu�dybsbse�n�dyu{r:�
dyk#�Grsalk�u a}ghn�ijnfg�tz~ dfgha}ghr#a�u nyijb#dyk�� 5 wa 2 nyehgqghn@��ac~yacxzn�b d�ijnye�a}eha�dfx�t�w	ghtvu}dyw�w	algUijn���acx�"
|�k�o nyehgOU#k#d g�alx��y�9g�rsajksal�md ght�~yaG��al~�alx�nybsijack�g�nfo�ghrsa�����ac�st�whr w	ghn�u �/i(dfe �yalg���U#eht�ks�5ghrsa
b#ehn �"acuWg75 w@xztzo a g�tzija�bse�n ~ya��/g�rsa��>alksa �sg�w nfo U#w	t�ks� � !:p tzk dMijn�ehaja 2 acu ght�~ya(�}d �1��ghrsa
x�n�w�whacw�t�k#u6U#ehe�ac�M����n�Use�b#dfehghksace�u n�ijb#dfk��Qe�a�6WUst�e�ac��ghr#a@n ��ksale{w}g�n�xzack#�Mg�rsa ulnyijb#dfk��
wOUs�#w	g�dykmghtvdfx�dfijn�Uskmg�w�nfo}ijnyksac�y�`t�k nye{��ale�g�nM��U#dye�dyk�g�ala ghrsactze w	n�xz~�alk#ul��"j�}rsacwha(xznmdfk#w
��ale�a ��tz~�alk/n�kIghr#aGulnyk#��tzght�nykIghr#dfg�g�rsaGulnyijb#dykm�5ghacijb�n�e�dyeht�xz�Mdy�snyb�g�ac�Id5��n�k#�sw�nyksx��
t�k�~ya�w"g�iGackmgjw	ghe{d g�al�y��" ��tzk�u aMdIi(d �"n�e bU#ehb>n�whaQnyo�n�Use � !:p ijn���acx�tvw ghn ��a g�ale�ijtzksa
r#n � xvdfe��ya5d.o e{dyu ght�nyk6nyo�g�rsaId ~ dft�x�dy�sxza�dyw�w	alg�wjwhrsn�Usxv����aMt�km~�acw	gha��6t�k w	ghn�u � ��o U#e	g�rsale
�sal~yacxzn�bsijalkmg�w dfk#� t�ijbsxzacijalkmg�dfght�nyk nfo}ghr#a�ijn��salx r�d ~ya(�>alalk�b@U�g nyk�r#nyxv�9�]b>n�w�whtz�sx��
t�k#��a �#kstzghacxz��"�
@Use	g�rsale�ijnye�ay��g�rsa@u n�iGb�dfk��Qr#d�w}��acalk/bsxvdyulac��t�k�eZUsk�� n32.iGn���a@dyk#�M��n�acw
k#nfg�dyucu acb�g�dfk���ksac��u6U�w"g�nyijale{w."

��n ��al~�ale�� ghr#a�a ��b>ale�tzack#u a�wUo ehn�i4g�rsa�ijn���alx�t�ks��xza��Gghn whnyija�nyghrsace�tzk�w	t��yrmg�w?"U�:a�w"g�tzks�
dyk � !]p ijn��salxye�a�6WUst�e�acw`whnyx�~�tzks��ijdyk���w	ghn�u{r#dyw	ghtvuqbse�ny��e�dyijiGt�ks�}bse�ny�sx�ali(w9nyo�ghrsa�whdyiGa
whr#dyb�a��m��t 2 ale�tzks� nyksx��jtzk�ghrsa�e�dyk#��nyi b#dye�dyiGalghace�w?"�� :�� � 8� + tvw���al~�nfgha��Gghn tzk#uleha�dywhtzk#�
g�rsaQwhb�acac� nfo}w	n�xz~�t�ks�/w"g�n�u{r#dyw	ghtvuGxzt�ksacdye�bse�ny�ye{dfijijt�ks�5b#ehn��sxzaci(w�nfo}iGa���teUsi=whtmdca ! n�k
g�rsa�nye{��ace�nyoq�fa#��� 	la��~ dfe�t�dy�sx�acw # n�k5k#nye�ijdyx n34�u a@ulnyijbU�g�ale{wl��dyw}��a�r#d ~ya�d�ulu a�whw�g�njd
xvdfe��ya�k�Usi �>ale�nfo]�}��w���Use�tzk#� g�rsa�kst��yrmg?"

�'Use�b#dfehghksace�u n�ijb#dfk�����tvw	r#ac��ghn U#w	a@ghrsactze�u6Use�ehackmg�dyw�w	alg�u xvdyw�w	t���uldfght�nyk`�#r#d ~�tzks� 
�st 2 ale�alkmg�d�whwha g�u xvdyw�w	a�w ! dyx�g�rsn�Us��r5��ulx�d�whwhacwq��ale�a�ksnyg�d�uWght�~yacxz� ghe{dy�sac��#6"��acw�u e�tz�#tzks�@ghrsa
�"n�tzkmg b#ehn��#df�st�x�t�g"� o Usk#uWg�tzn�k�nfo�whn/ijdyk��.dyw�wha g�w�g�n d/w�d ghtvw	o dyuWg�nye�� ��ac�ye�ala(e�a�6WUst�eha�w�ghrsa
w�u ack#dfe�t�nMghe�ala�g�n r#d ~�a�dIxvdfe��ya(k�Usi ��ace nyo}�#e�dyk#u{rsacwc�Ui(d���tzk#�/ghrsa5eha�wcU#x�g�tzks� bsehn��sx�ali
r�dfe{�MghnMw	n�xz~�a�"�� o ��a r#d ~�a�ghn�n5o al�4�#e�dyk#u{rsacw�ghnMdyucu6Use{d g�alx�����a�whuleht��>a g�rsa b#ehn��#df�st�x�t�g"�
o U#k#uWg�tzn�k`�ghrsa5nyb�g�tzijtedcd g�tzn�k ��tzx�x�whala��Ig�nIa ��bsx�nytzg whbUse�tzn�U#w�t�km~�acw	ghijalkmg@n�bsb�n�e	gZUskstzght�acw
��r#t�u{r x�nmn��I�yn�n�� ��rsalk ac~ dyxmU�d gha�� n ~�ale�ghr#aQwhulalk#dyeht�n5ghe�alay�]�U�g@�#d�� ��rsalk al~ dyxmU#dfgha��
U#k#��ale}g�rsa�gheZUsa�bsehn��#df�#tzx�t�g"�(ija�dywOUseha�"]� kG� :� � 8  + n ��a�g�eh�jg�njulnyk#w	ghe{dft�k(g�rsa�o acdywht��sxza
wha g�nyo:n�Use � !:p=bsehn��sx�aliM��tzk�nye{��ale�ghnGx�tzijtzg�g�rsa�b�nmwhwht��stzx�tzg"�jghnju{r#dywha�whbUse�t�n�U#w�bse�n �sg{wl�
��r#tzx�a�d gqg�rsa�whdyija�g�tzija�ksnygqeha���U#u t�ks��ghr#a�b�ace	o n�ehi(dfk�u a}nfo>ghrsa�ijn���acx��m�Gw"g�tzx�xse�a g{dft�kstzk#�
dGksa�dfe�� n�b�ght�i(dfx9whnyxeU�ght�nyk�tzk�w	tv��a�ghr#a�o acdywht��sxza�wha gn"
� w	ghn�u{r#d�w"g�t�uMb#ehn��ye{dfijijtzks� �#d�w	a�� ��acult�wht�nyk�wOUsbsb>nyehg5w	��w	ghaci i(d ���>a.whalack�dyw�d

�#x�d�u �I��n � ���/ghrsaXU�w	ace�w?" � U#whale@t�ksbU�g{w�rstvw � rsale@wOUs���"a�uWg�tz~�aG~�t�al� nfo�ghrsa(b#ehn��#df�st�x�t�g"�
�st�w	ghe�tz�@U�ght�nyk�nyo9o U�gOU#eha�al~yackmg�w�dyk#�(e�t�w�� g�nyx�ale{dfk#ula�dyw ��acxzx dyw�ghrsa�w"g{d gha�nfo9ghr#a�u n�ijb#dfk��y�
b@U#w	r#acwQd �U�g	g�nyk�dyk#�,n�U�g5b�n�b#wQd �sacu tvwhtzn�k�"�
#nye�d U#w	acec��tzgQtvw�ksnyg5u x�acdye�rsn �Fghrstvw
�sacu tvwhtzn�k/��d�w�ny��g{dft�ksac�`��dfk��Mrsn ��dfxzghale{d g�tzn�k#w�ghn�ghrsa tzksb@U�g���t�xzxd 2 acu g�ghrsa n�U�g�bU�gn"�� k
dyk�d ghghalijb�g�ghn ~mtvwOU#dfx�tmdca�rsn � ghrsa�nyb�g�tzi(dyx�whnyxeU�ght�nykjo e�nyi2ghrsa�w"g�n�u{r#dyw	ghtvu}bse�ny�ye{dfijijt�ks�
ijn���acx���n�Usxv� ~ dfe�� ��tzghr t�ksbUsgc�q��aQw	n�xz~�ac� d/xvdfe��ya(k�Usi ��ace nfo�bse�ny�#xzacijw dfk#� w	ghn�eha��
g�rsa(e�acwOUsx�g{w." ��� t�kmghacehb>nyxvd g�tzks���>a g"��alalk g�rsajeha�wcUsxzg�w�w	ghn�eha��9�`��ajijd �.��e�d �2�ye{dfbsr�w�nyo
dybsbse�n ��tzi(d g�alx��5r#n ��g�rsaj��acult�whtzn�k u{r#dyks�ya�w���tzghrIg�rsajw"g{d gha nfoqg�rsaGulnyijb#dykm��"�	 a g�rsalk
e�acdyxztedla���g�r#d g}g�rsacwha�g�dy�sxza�w}i(d ����aYU�w	a��5d�w�d b#ehn ���jo nye�n���g�dytzk#tzks�(��a�u tvw	t�nyk�w o e�nyi ghrsa
w	ghn�u{r#d�w"g�t�u�bse�ny��e�dyijiGt�ks� iGn���acx�"

�}rsa�ny��~�t�n�U#w���e{d ���#dyu �Gnfo`g�rstvw�dfbsbse�n�d�u{r(t�w�g�r#d g}��a�ksnjx�nyks��ale��yalg}dykQnybsght�ijdyx9��a �
ult�wht�nyk o nye�d��yt�~yackGw	g�dfgha}nfo>ghrsa�ulnyijb#dykm��"]�}rsaceha�dyeha�rsn ��al~yaceqd�k�Usi ��aceqnfo9dy��~ dyk�g{df��acw?"

�




tze{w"g�xz����ghr#a ��acult�wht�nyk�o nye�a�dyu{rMb�nmwhwht��sxza@w	g�dfgha�nyo]g�rsa���n�ehxv��t�w�ksn � a ��b#xztvu tzghx���d ~ dytzxvdf�sx�a
dfk#�Mi(d ����a tzk�w	b>acu ghac�/o nye�w�u eZU�g�tzk���"�
Usehghrsacehijn�eha���whtzibUsx�dfght�ks� U#wht�ks�(ghr#a wh��w	ghaciF�>a �
u n�iGa�w@whtz��kst �>uldfkmg�xz�Ia�dywhtzace��UwhtzibUsx�dfght�ks�/r�Usk#��e�ac�#w�nfo�whulalk#dyeht�n�w�ksn � � U#w	g@g�d��ya�w�d�o al�
w	a�u n�k#�swc�f��rst�xza�whtzibUsxvd ght�ks��g�rsa�whdyija�whulalk#dyeht�n�w�U#whtzk#��g�rsa�o Usx�x#w	ghn�u{r#d�w"g�t�u}bse�ny��e�dyijiGt�ks�
o nye�i�Usxvd g�tzn�k/g�d��ya�w�rsn�Use{wl� tzo�ksnyg��sd ��w?"@��aculnyk#��x��y�>g�rsajeha�wcUsxzght�ks�5b�n�xztvu �/i(d �M��aji(dfk
�
U#dfx�x��.dfxzghaceha��9�9g�nIw	aca(rsn � u{r�dfks��acw�tzk g�rsa(b>nyx�t�ul� ��t�xzx d32>a�uWg�g�rsaQ��tvw"g�eht��U�g�tzn�k nfo��yal�
~ dfxeUsacwqdfgg�rsa�alk�� nyo#g�rsa}gha�w"g w�u ack#dfe�tznmw."]��alk�u ay�yghrsa�ulnyk#w	gheZU#u ght�nyk nyo�g�rsacwha�g�dy�sxza�� ��dywhac�
b�n�xztvu t�acw�tvw�d5ulnykmghe�tz�@U�ght�nyk ghn �}dfe{�sw�d��s��e�acw�w	t�ks��b>nyt�kmg���t�k g�rsaGxztvw"g@dy��n ~�a�"�� k � :�� � 8
 Bi ��a@u n�iGb�dfe�a�w	ghn�u{r#d�w"g�t�u�bse�ny��e�dyijiGt�ks� ghnjg{df�sx�a � �#dywhac�5b>nyx�t�ultza�w�dyw���alx�x:d�w�dfksnyghrsace
����k#dfijtvu�b�n�xztvu �5�m� U#w	t�ks�(djw	t�ijbsx�a � !:p bse�ny�#xzaci "

��	�� � ��� � ��' � � ��' � ��(��
- ��)�'�(���)0$ ( ' (
�����	� � � :�� � 8  
�}rsa i(dytzk u nykmg�eht��U�g�tzn�kInfoqg�rst�w�b#dyb�ace�tvw�ghrsa o nye�i�Usxvd g�tzn�kInfoqg�rsaGiGn���acx�" � bse�nyb>alehg"�
nfo�ghrsajijn���alxqksnyg�o n�Usk#� t�k.nyghrsace�w	t�ijtzxvdfe�ijn���alxvw�t�w�g�rsa(w"g�ehn�ks�Mu nyk#ksacu ght�nyk �>a g"��alack
ghrsa(ulnyijb#dfk��15 w�d�uWght�nyk�w�dyk#�Ig�rsajw	tedlaGnfo�ghrsajx�t�dy�stzx�tzght�acw?"@� k.d��s��tzght�nyk`�`n�ksaGb#dfehg�nyo�ghr#a
k�Usijale�t�ucdfx`g�acw	g�w�u n�iGb�dfe�a ��t 2>acehack�g�whr#dfb>acw�nfo�g�rsa w�u ack#dfe�tzn�ghe�ala�"��:e�ala�w���tzghr.dfbsbse�n � �
tzi(dfghalx��/g�rsa(whdyiGajk�Usi ��ace�nyo�w�u ack#dfe�tznmw�dyehaju n�ijb#dfe�ac�9�9�@U�g�ghrsaGg�ehacacw�r#d ~�a ��t 2>acehackmg
k�Usi �>ale{w�nfo�w	g�dy�yacwc�`dfk�� d���t 2 ale�alkmg�k�Usi �>ale�nyo��se{dfk#u{r#acw�d g�acdyu{r w"g{df��a�" �}rsa(��t 2 ale��
alkmg�w	r�dfb>acw(dfe�aMu e�acd g�ac����� df�y��ehac��dfght�ks�Ig�tzija � w	g�df��acwGt�k6g�rsa/ijn��salx\" ��tzk#ula�ghrsaIwhtmdca
nfo�ghe�ala�� ��dywhac�,w"g�n�u{r#dyw	ghtvuMbse�ny�ye{dfijijt�ks� iGn���acx�w5dfe�aIa ��b>nyksackmghtvdfx�t�k ghr#aIk�Usi �>ale5nfo
ght�ija � w"g{df�ya�wl�mdf���ye�al��dfght�nykjnfo9g�tzija�� w	g�dy�yacw t�w�d@k#acu a�whwhtzg"� t�kQn�e���ace�g�n i(d���a�ghrsa�bse�ny�sx�ali
u n�iGb@U�g�dfght�nyk#dyxzx��jghe{dyu g�df�#xza���t�oghrsa�k�Usi ��ace�nfoght�ija � w"g{df�ya�w�t�w}xvdfe��ya�"q��g�df��acw}dfe�a�df���ye�a �
��dfghac�5t�k5g�rstvw}o dywhrst�nyk�tzk5ghrsa�ijn���acx�w��sacw�u e�tz�>ac�5������dfe�t��#nGalg�dfx\" ��	 �� ����t�xzx�t`a g�dyx�" � � ��
dfk#��� � ��x�dyk#� a g dyx�" � ��  �qdfxzghrsn�Us�yr e�acwOUsx�g{w�o e�nyi ��t 2 ale�alkmgG��d ��w�nfo�dy�y�ye�al�md g�tzks�5ghr#a
ght�ija � w"g{df�ya�w}dfe�a�k#nfg�ehacb�n�e	g�ac�Qo nye�dykm�Qnfoghrsa�w	a�uld�w	a�w."

�}r#a�bsehac~�tzn�U#w]ghacw	g�wUn�kji�Usxzght�� w	g�dy�ya � !]p � ijn���acx�wU��a�dfe�a�d �}dfe�a nyo>r�d ~ya�altzghrsace U#w	a��
gha�w"g w�u ack#dfe�tznmw���t�g�r o al� alksn�Us�yr�w	g�dy�yacw�g�n/i(d��ya(w	g�dy�ya�df���ye�al�md ght�nykfUsksksa�u acw�w�dfe��y�`n�e
r#d ~ya(k#nfg g�eht�ac�6��t 2 ale�alkmg whr#dyb�a�w@nfo�g�rsa�g�ehaca�"I� k�n�Use wht�i�Usxvd g�tzn�k#wl�U��a �#k#��ghr#dfg ghr#a
xzn�ks�yacejghe�ala�w(b�ace	o n�ehi*��alg	g�ale���al~yack,��rsalk,g�rsaIk�Usi �>ale5nfo��se{dfk#u{rsa�w�dfe�a�ghn�n�o ac� g�n
�yt�~yaGdQ��nmn��I�sacw�u e�tzb�g�tzn�kInfo ghrsaGb�nmwhwht��sxzaGe{dfk#��n�i n�U�g{u nyija�wl�9dyw�al~�tv��alk�u ac� ���IdQ~�ale��
b�n�n�e�whnyxeU�ght�nyk w	g�dy�st�xztzg"�M��alg"��acalk ��t 2 ale�alkmg�w�u ack#dfe�t�njghe�alacw?"��}r#t�w�whalali(w�ghn�tzijbsx���ghr#dfg
df���ye�al��dfght�ks��g�tzija � w	g�df��acw}��tz~�acw}djw	t��ykst���ucdfkmg��st�d�w�ghnjg�rsa@w	n�xmUsght�nyk�"

�����	� 
 � :�� � 8  + 
� k�e�aculalkmg(b#dfb>ale{wGnyk tzijbsx�alijack�g{d g�tzn�k#wGnfo�g�rsa/ksa�w"g�ac� ��ack#��ace�wjdfx��yn�ehtzghr#i ghrsaMi(dft�k
o n�u6U#w�r#d�w��>alack n�k i(d���t�ks�5xvdfe��yace�dyk#�Ixvdfe��yace�bse�ny�sx�ali(w�whnyx�~ dy�sx�a nyk.�st��y�yace�dyk#�I�#tz���
�yace}ulnyijbU�g�ale{w ! whala�o nye�a �sdfijbsx�a���alijb#w	ghace�dfk#���}rsn�iGb�w	n�k���	��� �
��tze��ya�alg�dyx�" ����]dyk#�
��nyk#�dlt�n�dfk�� ��n�U���ack���aceh� � �y�� #6"]� k ghrstvwUb#dfb>aleU��a t�k#w	ghacd���o n�u6U�w]n�k@g�eh��t�ks��g�n�t�ijbse�n ~ya
ghrsa@dyxz��nye�t�g�rsi(w�a 4�u t�alk#ul��o n�e�iGa���teUsiFwhtmdcac�5bse�ny�sx�ali(wc��ghr#dfg�t�wc�sbse�ny�sx�ali(w}nyodfb#bsehn ��t��
i(d ghacxz�Qghrsa@whtedla���rstvu{rMksala��Qg�n(��a@whnyx�~ya��Q��r#alkIdfk � !]p w	��w	ghaci t�w�ghacw	gha��M����ehn�xzx�t�ks�
rsnye�tedlnyk whtzibUsx�dfght�nyk#w?" 	.a ��k#� ghr#dfg ���IgZUskst�ks�/ghr#aQdfx��yn�ehtzghrsiBghnIi(d��ya<U#wha�nfo�ijn�w	g
nfo�ghrsa�d ~ dft�xvdf�sx�ajiGacijnye��y�:whnyija 	#�����y��
 nfo g�rsa�u n�ijbU�g�dfght�nyk#dyxUght�ija(ijd � ��a�w�d ~ya�� "

�



�}r#t�w�gZUskst�ks� tvw}b>aleho nye�iGa�������u n�i �st�kst�ks�j��alb�g�r�� �#e�w	g�w	a�dfe{u{r�nfo`g�rsa�whulalk#dyeht�n@g�ehaca���tzghr
u{r�dfks��acw�g�n 	 tzg	g�ehn�u �15 w � �  }o dyw	g�� �#d�u � �mo dyw	g�� o nye���dye��.w	a76WUsalk#ultzk#�Ibse�nfghn�ulnyx�ulnyijijnyksx��
U�w	a��Qo n�e�ksacw	gha�� ��ack#��ale{w���a�u nyijb>n�wht�g�tzn�k�"

� � � � � � :�� � 8! n + 
�}r#t�w5b#dfb>ale���acdyx�wQ��t�g�r�g�rsa.dy�y�ye�al�md g�tzn�k6nfo d�whwha g{w�t�kmghn6d�whwha g5ulx�d�whwhacwQtzk�w"g�n�u{r�dyw	ghtvu
b#ehn��ye{dfijijtzks� � !:p ijn���alxvw." 	 a5whrsn � rsn �Jg�rsaQwhalx�acu ght�nyk�nfo}g�rsa�k�Usi �>ale nfo�dyw�wha g�w
g�njtzk#ulxmU���a�tzkMdfk�nyb�g�tzijtedcdfght�nykQijn���acx`d 2 acuWg{w�ghrsa 6WU#dyxztzg"�(nfo]ghrsa�whnyxeU�ght�nyk5tzk5g"��nG�}d ��w
��r#alk,dfk�dybsbse�n ��tzi(d g�tzn�k nfo�ghrsaMbse�ny��df�st�xztzg"� ijacdywOUse�a5tvw�U#whac� " 
]t�e{w"g�xz����ghr#a 6WU#dyxztzg"�
nyoUghrsaGw	n�xmU�g�tzn�k/t�w�d 2 acu ghac�Mk#al��dfght�~yacxz���#dyw���a�i(d ��ijd��ya@dyxzx]nyb�g�tzi(dfx]nye�k#acdfe�� nyb�g�tzi(dfx
whnyxeU�g�tzn�k#w�t�k�o acd�w	t��sx�a�"I��aculnyk#�sxz���]n�k ghrsa�b>n�whtzght�~yaQwht��say�]ghrsa�df�y��ehac��dfght�nyk b#ehac~yalkmg{w�ghrsa
a ��bsxzn�t�g{d g�tzn�k nyo}whbUse�t�n�U#w�bse�n �#g�w�acijdyk#d g�tzk#�5o e�nyi dMb�n�n�e@dfbsbse�n ��tzi(dfght�nyk nyo�g�rsa(o Usx�x
b#ehn��#df�st�x�t�g"��ijacdywOUse�a�":
@Usehghrsacehijnye�ay����a w	r#n �.rsn ����U�dfxmtzk�o n�ehi(dfght�nyk�o ehn�i�ghrsa w�u ack#dfe�t�n
g�ehaca�ijd �Q��aYU#whac�5g�nG��Ustv��a�ghrsa@d�whwha g�df���ye�al�md ght�nykQbsehn�ulac��Use�a�"

� � � � � � :�� � 8! Bi
� k�ghrstvw�b#dyb�aceQ��a ��t�eha�uWg�xz�,u n�iGb�dfe�aIw"g�n�u{r�dyw	ghtvuMxzt�ksacdye�bse�ny��e�dyiGijt�ks� ghn6d b#dfe{dfija �
g�ale�tmdcac� L=9�&
(�:�3�RQb�n�xztvu ��"���ehac~�tzn�U#w�u n�ijb#dfe�t�whnyk�wjtzk,g�rsa x�t�g�ale{d gZUseha/r�d ~ya/�>alalk ��tzghr
e�a � nybsght�iGtedla�� � ��ac� � ijt ��b�n�xztvu t�acw?"�
@Use	g�rsale�ijnye�ay�s��a@u n�k#w	gheZU#uWg�djr����se�t���b>nyx�t�ul�y�s��rsaceha
d b#dye�dyiGalghacehtedla��jb�n�xztvu �(tvw}u nyk�w"g�eOU#u gha��jo ehn�i d@k�Usi ��ace�nyo]w	ghn�u{r#dyw	ghtvu�x�t�ksacdye�bse�ny��e�dyi �
ijt�ks��whnyxeU�g�tzn�k#w." 	 a.whrsn �Fghr#dfg5��� nyb�g�tzijtedlt�ks� g�rsa b#dye�dyija ghace�wjnyo�ghrstvw5b�n�xztvu � ��a
wht��ykst���uldykmghx��/n�U�g�b�ace	o n�ehi g�rsa(w	n�xmU�g�tzn�k#w�o ehn�iLd�bUse�aGw	ghn�u{r#d�w"g�t�u xzt�ksa�dfe�bse�ny�ye{dfijijt�ks�
o n�ehibUsxvd ght�nyk "

� � � � � � �
�v6,��:�8 �
� k5dy�s��tzght�nykjg�n�ghr#a�b#dfb>ale{w�� ���	� �yghrsa�g�rsacwhtvw���nye � r#d�wqeha�wcU#x�g�ac�jt�k(g"��n�b#ehn��ye{dfi(wU��rstvu{r
��a�r#nyb>a�dfe�aTU#wha o Usx�o nye�nfg�rsale}w"g�n�u{r#dyw	ghtvu}bse�ny�ye{dfijijt�ks��eha�w	a�dfe{u{rsale{wqdfk��jbse�d�uWg�t�g�tzn�ksale{w."
�}r#a �#e�w	g�bse�ny��e�dyi�� ��� ��� ��tvw�dfk,a 4(ultzackmg�tzijbsx�alijalkmg{d ght�nyk,nyo�g�rsa/ksacw	gha�� ��alk#��ace�w
dyxz��nye�t�g�rsi ! g�rsa�tzijbsx�alijalkmg{d ght�nykQt�w}��a�whuleht���a���t�kQ�qdfb>ale}�h��#B"��}rsa�w	a�u nyk���bse�ny��e�dyi���ksnfg
�sacw�u e�tz�>ac��tzk dykm��b�dfb>ale(�U�g U�w	a��6t�k��qdyb�ace�wj�W�q�h�	�jdfk#���	� ��tvw(dfk a ��g�alk#whtzn�k�nyo�dyk
dyxz��al�se{dftvu5iGn���acxzt�ks��xvdfks��U#df��ay����r#t�u{r dfx�x�n ��wjt�g(g�n r�dfk#��x�aIw	ghn�u{r#dyw	ghtvu�bse�ny�ye{dfijijt�ks�
b#ehn��sxzaci(w."I�}rstvw bsehn��ye{dfiM��s��������� ! � p��t�wG��a�whuleht���a�� tzk ��acu ght�nyk �I�>alx�n �Y" ��nfg�r
b#ehn��ye{dfi(w�dyeha�o e�alacxz�Qd ~ dytzxvdf�sx�a�ghnjghr#a�eha�w	a�dfe{u{rQu n�iGibUskstzg"��"

� � ��������P	� ��
� � � R}P_

� 	�� � �� $ ���

����������������� �"!��#���#�#$&%'���(�*)+�,%-�,�(����$.�/�0�,%21�3.4��65879�;:��<��='���>1,�?�<�@��AB4C���ED;�FD;3�%-G
H ���@$
�}r#t�w�b�dfb>ale@bse�acwhalkmg{w�n�Use�ijn���alx nfo�dI����a���tvw	r xztzo a�t�k#wOUse�dyk#u a(ulnyijb#dfk���"(� k n�e��sale�ghn
b@U�g�n�Use}ijn���alx:tzkmghnjb>ale{w	b>acu ght�~ya���a���tz~�a�dyk5n ~�ale�~mt�al� nyo]nyghrsace�iGn���acx�w U�w	a���o n�e}d�whwha g





xztvdf�#tzx�t�g"�/i(dyk#df��alijalkmg�o n�e�b>alk�w	t�nyk o Usk#�sw�dfk��Ix�t�o aGtzk�wcUse{dfk�u ay�9d�w���alx�xqdyw�dfkIn ~�ale�~mt�al�
nfo]ghrsa@wha g{w�nfoeOUsx�acw U#k#��ale���rst�u{r5ghr#acwha�iGn���acx�w�dyeha���a�w	t��yk#ac�Qghnjnyb>ale{d g�a�"

�}r#a.ijn���alx�tzg�whalxzoGulnyk#wht�w	g�w5i(dft�ksx�� nfo@g"��n6b#dye	g{w ��d6ijn���alx�nyo@ghrsa�wOUse�ehn�Usk#��t�ks�
aculnyksn�i � ! t�k#u xeU#��t�ks��g�rsa u.U#w	ghnyijace�w #W� dfk#� d�ijn���alxnfoqg�rsa ulnyijb#dfk�������rstvu{rI�>nfg�r dfe�a
��acw�u e�t���a���t�k ghrsa.dfehghtvu x�a�" 
@Use	g�rsale�ijnye�ay����a/b>aleho nye�i*d�wha g�nyo�k�Usijale�tvuldfx}g�acw	g�w�����a
u n�iGb�dfe�a�ghrsa�b>aleho nye�ijdyk#u a�nfo`n�U#e ijn���alx>ghn ghr#dfg�nyo:d � � � ijt �(�>alk#u{rsi(dye�� ��dfk#�(��a�g�eh�
ghn���a g�ale�iGt�ksa ghrsaGa 2 acu g�w�nfo�df�y��ehac��dfght�ks��w"g{df��acw�t�kIg�rsajwhulalk#dyeht�n(ghe�ala�"�	.ajw	r#n �<ghr#dfg
w	t��yk#t ��ucdfkmgUb�ace	o n�ehi(dfk�u a�t�wq�mdft�ksac� t�o ��a#U�w	a�ghe�ala�wU��t�g�r i(dykm� w"g{df�ya�wUdfk#� o al� �se{dfk#u{rsa�w
b�ace�w"g{df��ay�su n�ijb#dfe�ac��ghnXU#whtzk#�jwhrsn�e	g�ale�ghe�ala�w}��t�g�r�ijn�eha��se{dfk#u{r#acw�b�ace�w	g�df��a�"
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D;3.% H 3����#�#� 3�� 1,3�4 �/� 3�D,= ���/�#� D6���<�E�;�.4 H 4;3�) 4;��% %6�<�B)
�:a�w"g�tzk#�.dIw	ghn�u{r#d�w"g�t�u(b#ehn��ye{dfijijtzks�/��dywhac� � !:p wh��w"g�ali t�wbU#wOU#dfx�x�� ��n�ksaQ��� ehn�xzx�t�ks�
rsnye�tedlnyk�w	t�i�Usxvd g�tzn�k#w5nyk d�k�Usi �>aleMnfo ghacw	g/whulalk#dyeht�n�w?"2�Uace	o n�ehijt�ks�6e�nyx�xzt�ks��rsnye�tmdcnyk
w	t�i�U#x�dfght�nyk#w(t�k�~yn�xz~�acw�whnyx�~�tzks� d x�dyeh��a/kWU#i �>aleQnyo�bsehn��sx�ali(wl����tzghr�w	x�tz��rmghx�����t 2>acehackmg
e�dyk#��n�iD�#d g�d@"U��ehalo ale{df�sx��y�mg�rsacwha�g�acw	g�b#ehn��sxzaci(w�whrsn�Usx��Q��a�whnyx�~yac���m�XUsght�xztedlt�ks�<Usk�U#whac�
eha�w	n�Use{u acwc�fwOU#u{r(dywq��� �>nye�e�n ��tzks������whU#w	a��Go nye�k#nye�ijdyx�n34�u a���nye �@��rsacksal~�aleqg�rsal�Gdfe�a
ksnfg U#whac� o nyeUg�rsalt�e�t�kmghalk���ac� bUse�b�nmw	a�"�}r#t�wUijacdyk#wghr�d gUghrsa�r�dfe{����dyeha���a U#wha}��tzx�xs�>a�d
u n�xzx�acu ght�nyk�nfo]r#a ghacehn��yacksaln�U#w}u nyijbUsghale{w�u n�ksksa�uWgha���g�rse�n�Us��r�dGksn�ehi(dfx9n 4�u a�ksa g"��nye �^"

Usehghr#ale�iGn�eha��>d�u n�ijbU�ghace�i(d �M�>acu n�ijabUsk�d ~ dytzxvdf�#xza@��tzghr#n�U�g�bse�tzn�e�ksnyghtvu a ��rsalksac~yace
t�g�t�w�ksala���ac�/o nye�nyghrsace�g{dyw���w?"��}rsa�w	aGu nyk���t�g�tzn�k#w�t�ijbsx��5g�r#d g�t�g�t�w�acd�w	t�ale�g�nQb#dye�dyxzx�alx�tedla
gha�w"g{w}�m�5whulalk#dyeht�n�w ! t\" a�"z��eZUsk�nyksa�w�u ack#dfe�tzn b�ace�u n�iGb@U�ghace #�t�k#w"g�acd��Qnyo]b#dye�dyxzx�alx�tmdctzk#�@ghr#a
w	n�xz~�ale ! t\" a�"��U#wha�dyxzx]u nyijbUsghale{w�ghn�whnyx�~ya�o nye�n�ksa�whulalk#dyeht�n 6WUstvu �yace #6"

� kGg�rsa�x�t�g�ale{d gOU#eha�ghr#ale�a�a ��t�w	g whal~yace�dyx�tzijbsx�alijalkmg{d ght�nyk�wqnfo>ghrsa�ksacw	gha�� ��ack#��ale{wqdfx��yn��
ehtzghr#i�o nyeqwhnyx�~mt�ks��w"g�n�u{r�dyw	ghtvu bse�ny��e�dyijiGt�ks��b#ehn��sxzaciG"pIdyk���nyo#g�rsacwha}tzijbsx�alijalkmg{d ght�nyk�w
o n�u6U#w�n�k i(d���t�ks�5xvdfe��yace�dyk#� xvdfe��yace�bse�ny�#xzacijw�whnyx�~ df�sx�a t�k w	rsn�e	g�ale�dfk#� whrsnyehghace�g�tzijay�
nykI�#tz���yale�dfk��/�st��y�yace�ulnyijbU�g�ale{w."�!`a�whw�a 2 nyehg�r�dyw�rsn ��ac~yace���acalk w	b>alkmg�nykIg�eh��t�ks�(g�n
w	r#nyehghalk ghrsa�whnyxeU�g�tzn�kIght�ijacw�o n�e�w	n�xz~�ale{w�eZUsksk#tzks��nyk whijdyxzx�ale@ulnyijbU�g�ale{w���t�g�r x�t�iGtzgha��
ijalijnye���"

� k ghrstvwGb#dfb>aleG��aQa ��bsx�nye�aQdIk�Usi ��ace nyo�w"g�e�dfghal��tza�w@��rstvu{r i(d � ��a!U#whac��t�k6n�e���ace
ghn ghe{dy��a5xzn ��ale iGacijnye�� ulnyk#wOUsijb�g�tzn�k�o nyeGrst��yrsace u n�ijbU�g�dfght�nyk#dyx g�tzija�" ��k#a�o dyu ghn�e
�ye�acdfghx�� d 2 acuWg�tzk#� r#n � i�U#u{r ijalijnye���tvw(u nyk�wcUsija��6tvwGghrsaMk�Usi ��ace(nfo�wOUs�sb#ehn��sxzaci(w
�yacb�g t�k ijalijnye���" �:e{dy�st�g�tzn�k#dfx�xz���Unyksa�wcUs�#bsehn��sx�ali b�ace ksn���a5tzk6ghrsa�whulalk#dyeht�n/g�ehaca�t�w
�yacb�g�tzo g�rsa b#ehn��sxzaci t�w�whijdyxzx � ��rst�xzaGnyksa bse�ny�sx�ali b>ale�b�aceht�n��/tvw ��alb�g�tzo�ghrsaGbse�ny�sx�ali
t�w w	x�tz��rmghx��.xvdfe��yace?"�� o}g�rsa(ghe�ala(tvw whacdye�u{r#ac�.�seha�dy��g�r�� �#e�w	gc�:ghrsack ghrsa�w	a5dfe�aGt�k o dyu g n�U#e
nyksx���nybsght�nyk#w?" � o���a5t�k#w	ghacd�� b>aleho nye�i d.��acb�ghr
� �#e{w	gjwhacdye�u{r`�Ug�rsalk���aMdfxvwhn r#d ~�a�ghr#a
nyb�g�tzn�k/ghn �yacalbIdfk alkmght�ehaGwcU#��ghe�ala tzkIijaciGn�eh������r#tzx�a whr#dfe�t�ks�Q!`� � w	gheZU#uWgZUse�acw��>a g"��alack
ghrsaIwOUs�sb#ehn��sxzaci(w ! whalaI
tz��Use�a 	 #B" �}r#t�w(tvw���n�ksaM����u6Usg	ght�ks� g�rsa/bse�ny�sx�ali*tzkmghn g"��n
r#dfx�~ya�wq���Gghrsa'U#w	a�nfo:d��sx�n�u � � w	g�dy�ya�"q��ksa�!:� t�w �yacb�g b>ale�ksn���a��>a o n�eha�ghrsa�w"g{df�ya��y��rst�x�a
ghrsa@wOUs��g�ehacacw�dfo ghale}g�rsa��sx�n�u ��� w	g�df��a�whr#dyeha�!`� w?"
	 a}w	rsn ��r#n � �yalacbst�ks��wOUs��ghe�ala�w:t�k ijaciGn�eh��i(d ��eha���U#ula�ghr#a�n ~�ale{dfx�xyu n�iGb@U�g�dfght�nyk#dyx

ght�ijay�:��tzghr#n�U�g�x�acdy�stzks��g�n�ibU#u{r rstz��rsale�ijalijn�eh�/e�a�6WUst�ehacijalkmg�w?"G��nyt�ks�5ghrstvw�e�a�6WUst�eha�w
U#w ghn ijn���tzo �jghrsa�o dyw	g�� �#d�u � �mo dyw	g�� o nye���dye�� w	a76WUsalk#ultzk#� bse�nfg�n�ulnyx ! dyw��yt�~yack���� 	 t�ghghe�n�u �
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� � � # ����rstvu{r�t�w eha�u n�iGijack#��ac��o nye w	ghn�u{r#d�w"g�t�u�bsehn��ye{dfi(w��>nfg�r ������d�whwhi(dfk � ��	��dfk��
��t�eh��a�a g�dfx\" � ��\"

!`�
��n��sa !`al~�alx�	

!`ac~yacx:�����sx�n�u ��� w	g�df��a

!:al~yacx`�

p/tzk#nye�tzghale{d g�tzn�k#w

pId �"n�e}t�g�ale{d ght�nyk
��tzghrM�>n�Usk#ula

��Us��g�ehaca��sx�n�u �

t���Use�a 	 ����r#dyeht�ks�jnfoq!`��w."

�}rsa@e�ac�U#uWg�tzn�k#w}tzkIwhnyxeU�g�tzn�kQg�tzijacw�~ dfe�����alg"��acalk/��t 2>acehackmg�gha�w"g�� bse�ny�#xzacijw�����a@whd ~�a
�>a g"��alack 	#������� 
�nyo>g�rsa�ulnyijbU�g{d g�tzn�kjght�iGa�u n�iGb�dfe�ac� ghn U�w	t�ks�@n�ksa�bse�ny�sx�ali b>ale x�al~�alx
t�k�ghrsa�ghe�ala�� whnyija g�tzijacwG��rst�x�a�dyx�whn.w�d ~�tzks�.ijalijnye��y���@U�gXU#wcU�dfx�xz����� dfb#bsehn ��t�i(d ghacxz�
�sn�Us�sx�t�ks�Gghrsa�ijalijn�eh��e�a�6WUst�e�alijalkmg�w?"
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� o��a�x�nmn���d g�ghrsa�bse�ny�sx�ali !�	�"�	 # �m��a�w	aca�g�r#d g���a�i(d �(��a ��ksa�t�g{w�~ dyxmUsa�e�acu.Use�wht�~yalx��jdyw

gT (−→x T−1, ξT , X, P ) := min
xT ∈XT (−→x T−1,ξT )

fT (−→x T−1, xT , ξT ),
! ��"�	cd #

gt(
−→x t−1, ξt, X, P ) := min

xt∈Xt(
−→x t−1,ξt)

(ft(
−→x t−1, xt, ξt)

+ � P
ξt+1|ξt

[gt+1(
−→x t−1, xt, ξt+1, X, P )]).

! ��"�	l� #
��x�acdyehx��y�fghrsa�o U#k#uWg�tzn�k

gt

tvw���alb>alk���alkmg �>nfg�r(nykGghrsa�o acdywht��sxza�wha g
X
dyk#� ghrsa�b#ehn��#df�st�x�t�g"�

ija�dywOUseha
P

U#whac�.g�n u n�iGb@U�gha(g�rsa�a ��b>acu gha���d ~yale{df��acw?" 	.a5i(d �Ighr�U#w�o nye�i�Usxvd g�ajghrsa
b#ehn��sxzaci !�	�"�	 #}dyw�ghr�d g�ghn

ijt�kstzijtedla
x0∈X0

f0(x0(ξ0)) + � P
ξ1

[g1(x0, ξ1, X, P )].
! ��" ��#

��n ��ac~yacec�qdyw w"g{d g�ac��bse�al~�t�n�U#whx��y�q��a5dfe�a�ksnygGdy�sxzaQghn dy�s��e�acw�w�g�rstvw b#ehn��sxzaci ��tze�acu ghx���"
� k�w"g�acdy�Q��a���tvwhulehalghtedla�g�rsa�w	b#d�u a�nfo:b>n�w�w	t��sx�a�n�U�g�ulnyijacw�t�k�g�n d whulalk#dyeht�n�ghe�ala���dfk#�5w	n�xz~�a
g�rsa@dfb#bsehn ��t�i(d gha�bse�ny�sx�ali

ijt�kstzijtedla
x0∈X0

f0(x0(ξ0)) + � P̄
ξ1

[g1(x0, ξ1, X, P̄ )],
! ��" ��#

�



��rsale�a
P̄
�salksnyghacw:ghr#a�bse�ny��df�st�xztzg"��ijacdywOUse�a u n�ehe�acwhb>nyk#��t�ks�}g�n�g�rsa�w�u ack#dfe�t�n}ghe�ala�"]� k@g�rst�w

bse�ny�sx�aliM�mal~yack�tzo9ghrsa�bse�ny�#dy�stzx�tzg"� ijacd�wcU#eha
P̄
b#ehn ~�tv��acw�dfkQd�ulu6U#e�dfgha���a�whuleht�b�ght�nykQnfo9ghr#a

o Usx�x9bsehn��#df�#tzx�t�g"�(ija�dywOUseha
P
o nye}g�rsa �#e�w	g�� w	g�df��a�e{dfk#�snyi n�Usg�u n�ijacwc��g�rsa�eha�wcU#x�g�tzks�Gnybsght��

i(dfx �#e{w"g�� w	g�dy�ya�w	n�xmU�g�tzn�k i(d ���>a}o dfeo ehn�i�ghr#a�e�acdyx�nyb�g�tzi(dfx�whnyxeU�ght�nyk:�ft�o
g1(x0, ξ1, X, P̄ )t�w�d5b�n�n�e�dybsbse�n ��tzi(d g�tzn�k/nfo

g1(x0, ξ1, X, P )
" 
sn�e�a �sdfijbsx�ay�9tzo ��aGr#d ~�a i(dfk��/dyw�wha g�w

ghn t�k�~ya�w"g�t�k`���U�gQo al� �se{dfk#u{rsa�w(t�k���d g5x�dfghale5w"g{df�ya�wjtzk,g�rsaIg�ehacay��ghr#ale�a/��tzx�x�a ��t�w	g
w	b@Useht�n�U�w}bsehn �sg�w}t�kMghr#a@whulalk#dyeht�n g�ehaca@d g�xvd g�ale�w	g�df��acwc�sdfk#��rsack#u a

g1(x0, ξ1, X, P̄ )
��t�xzx

��aIdyk6n ~�ale�� a�w"g�tzi(d g�tzn�k nfo
g1(x0, ξ1, X, P )

" � k6g�rst�w�b#dfb>ale(��a5a ��b�aceht�ijalkmg���t�g�r�e�a �
w"g�ehtvuWg�tzn�k#w�nyk.ghrsajo a�dywhtz�#xza(wha g$! e�albsxvdyultzk#�5g�rsaGo acd�w	t��sx�ajwha g

X
���

X̄ ⊂ X
#6"j�}r#aGb@Use��

b�nmw	a/tvwjg�n�ijd��ya
g1(x0, ξ1, X̄, P̄ )

d ��alg	ghace5dybsbse�n ��t�i(d g�tzn�k6nfo
g1(x0, ξ1, X, P )

ghr#dyk
g1(x0, ξ1, X, P̄ )

�#��rstvu{r���tzx�x`t�iGb#ehn ~�a�g�rsa �#e{w"g�� w	g�dy�ya�w	n�xmU�g�tzn�k�"
	 r#alk dyk � !]p bse�ny�sx�ali<tvw:whb�a�u t��#ac�9�fdyk@t�iGb>nyehg�dykmg]u{rsnytvu a t�w]��rstvu{r dyw�w	alg]u xvdyw�whacw g�n

tzk�u xeU#��a�"}���mb#t�ucdfx�xz����ghrsa@d�whwha g{w�dfe�a�df���ye�al��dfgha���t�k�g�n�uldfghal��nye�tza�w�wcU�u{rMd�w}o nye�alt��ykMw	ghn�u � �
��nyija�w"g�t�u��>nyk��swl�ma g{u="U� o ghn�n�o ac��dyw�w	alg u xvdyw�w	a�w�dfe�aaU#whac�9��ghrsack(ghr#a�ijn��salx#i(d �Gb�ace	o n�ehi
b�n�n�ehx�� wht�k#u aQghrsaQo acdywht��sxza5w	algG��n�acw ksnygGu n�kmg�dft�k dfk�� �yn�n���w	n�xmUsght�nyk#w?" ��k�g�rsaQnyghrsace
r#dfk��9�Utzk#ulxmU���tzk#�/ghn�nIi(dfk�� dyw�w	alg�w�x�acd��sw�g�n u n�iGb@U�g�dfght�nyk#dyx ��t 4(u.Usxzght�acw��Gd�w�ghr#a��"nyt�kmg
bse�ny�#dy�stzx�tzg"� ��tvw"g�eht��U�g�tzn�k�nfo g�rsa�b>n�w�w	t��sx�a�dyw�wha g ��t�alxv�sw dyeha�e�albse�acwhalkmg�ac��U#whtzks� whulalk#dyeht�n�wc�
tzk�u e�acdywht�ks�Qg�rsa�k�Usi ��ace�nfo�dyw�w	alg�w�e�a�6WUst�eha�w`U#w�ghn/t�k#uleha�dywha g�rsa(��tv��ghr�nyo�g�rsa�whulalk#dyeht�n
ghe�ala�wl��ghr�U#wQi(d���tzk#� ghrsaIb#ehn��sxzaci ibU#u{r,x�dyeh��alen" � k,ghr#t�wQb#dfb>ale���ghrsaIe�acw	ghe�tvuWght�nyk�wjnfo
ghrsa o acd�w	t��sx�a w	alg�w���tvwhu.U#whwhac�/dy��n ~�a�g�d��yacw�ghrsaGw	r#dyb�a nfo�df���ye�al�md ght�ks�(dyw�wha g�w�tzkmghn5�st��y�yace
dyw�w	alg@u xvdyw�w	a�w ! ehalo ale�eha��/g�nMd�w�w	��kmghr#a ghtvujdyw�w	alg�w #B"(�}rsa(df���ye�al�md ght�nyk t�w���Ust��sac�.�m�.��U#dfx
tzkso nye�ijdfght�nyk�o e�nyi g�rsa � !:p � bse�ny�sx�aliM�qt�k6nye{��ace@ghn �#k#�6eha�w"g�ehtvuWg�tzn�k#w@n�k�ghrsa5o acd�w	t��sx�a
w	alg�w}��rstvu{rMehacijn ~yacw�g�rsa�ghack#��alk�u ��g�n(u{r#dywha�w	bU#eht�n�U#w}b#ehn �sg�wc����rst�xza@dfg�ghrsa@w�dfija�ght�ija
b�acehijtzg�w ghr#aMwhnyx�~yace@g�n �#k�� �yn�n��6d�whwha gju n�i �st�k#d g�tzn�k#w?" 	 a�ghe�� ghrstvwjdfbsb#ehnmdyu{r�nyk d
�#dfe�a � �>nyksa�w � !:p bse�ny�#xzaci��sdyk#� �#k#��g�r#d g�g�rsale�a�t�w�ksn(w	t��ykst���ucdfkmg�dy��~ dfkmg{df�ya�nyo�U#wht�ks�
ijnye�a�g�r#dfkjg"��n�dyw�w	alg u n�i �st�k#d g�tzn�k#wc�ydywUx�nyks�@d�wghrsac�Gdyeha�ucdfe�a o Usx�xz� u{rsn�whalk�"
	 a�o Usehghrsace
�#k#�5ghr�d g�whtz��kst �>uldfkmg�b>aleho nye�ijdyk#u a�tvw�x�n�w	g}tzoghrsa@x�tvdf�st�xztzg"�Qwht��sa�t�w�k#nfg�u n�k#w	tv��aceha��Q��rsack
ghrsa dyw�w	alg�w�dfe�a�df���ye�al��dfgha���t�k�g�n�dyw�w	alg�u xvdyw�w	a�wl��act�g�rsale����!U#w	t�ks����U�dfx`t�k�o nye�i(d g�tzn�k5o e�nyi
ghrsa � !:p �#nye��m��df���ye�al��dfght�ks�jdyw�w	alg�w U#whtzk#�QpIdfe �yn ��tzgOd�ija g�rsn��9�>d�Us�yijack�g�ac����tzghrMghr#a
xztvdf�#tzx�t�g"�Qrsac����tzk#�juleha���tzg�nfoU��r#dfe�b�a�dyk#�M�}tzkmg�� � 	��"
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� 3+��� D�$ 3 H � �<% ���*�+� � 3.��� H �.4;��%-���0�,4,���*�;: : �;D,�<��� 3.� 4,A8� �,� ���
	 �/� 3 D�= ���/�#� D H 4C3+G
).4C��% %6�<�B) 1,3�4 ������������� �"!��#���#�#$-%'�.�E�*)+�,%-�,�(� �
�}rsa ulnyk#ulalb�g�nfo�w	ghn�u{r#d�w"g�t�u@bsehn��ye{dfijijtzk#�(n ~yale�d�w�u alk�dfe�tzn(g�ehacacw�t�w�nyk#xz�Mnyk#a nfo�i(dykm�
b�nmwhwht��sxza/dybsbse�n�dyu{r#acw ghr#dfg�i(d � ��a U�w	a��6o n�e�dyw�w	alg(xztvdf�st�x�t�g"��ijdyk#df��alijalkmgn" � ksnyghrsace
b�nmwhwht��sxza�dybsbse�n�dyu{r5t�w�g�rsaYU#wha�nfoUb#dfe{dfija g�ale�tmdcac�Qb�n�xztvu t�acw ! w	aca@p Usx�~yal� � �!�� #6"

� oq��a�xzn�n��Qd g�g�rsa�bse�ny�sx�ali !�	�"�	 #W��dyk#�Mdyw�wcU#iGa�g�r#d g�g�rsa@~ dfe�tvdf�sx�acw}i(d ���>a ��t�~�t���a��
tzkmg�n n�ksa�wha g}e�albse�acwhalkmght�ks��g�rsa�w"g{d g�a�nyo`ghrsa�ulnyijb#dfk����

x
�sdfk#�Qnyksa�w	alg�e�alb#eha�w	ack�g�tzk#�@ghr#a

��acult�wht�nyk���a�i(d ��i(d���ay�
y
��ghrsack�ghrsa�bse�ny�#xzaci i(d ����a�e�a o n�ehibUsxvd gha��Qd�w �

min
y0

f0(x0) + � ξ1
min

y1(ξ1)
[f1(

−→x 1(ξ1), ξ1) + � ξ2|ξ1
[ min
y2(ξ2)

f2(
−→x 2(ξ2), ξ2)

+ · · · + � ξT |ξT−1
[ min
yT (ξT )

fT (−→x T (ξT ), ξT )] · · · ]], ! ��" ��d #

	��



w?"]gn"
x0 = g(x̄, y0),

! ��" �y� #
y0 ∈ Y0,

! ��" ��u�#
xt(ξt) = g(xt−1(ξt−1), yt(ξt), ξt), t = 1, . . . , T,

! �" �m��#
yt(ξt) ∈ Yt(xt−1(ξt−1), ξt), t = 1, . . . , T.

! �" ��a #

� kIghrstvw�o n�ehibUsxvd ght�nyk:�sghr#a w	g�d g�a nyoqghrsaGu nyijb#dyk��5d g�ght�ija
t
tvw�d��stze�acu g�o Usk#u ght�nyk nyoUghrsa

w	g�dfgha nfoqghr#a u n�ijb#dfk��5dfg�g�tzija
t − 1

dyk#�Mg�rsa ��a�u tvw	t�nyk/i(d���a d g�ght�ija
t
�9dyw�a ��bse�acw�w	a��

���
xt(ξt) = g(xt−1(ξt−1), yt(ξt), ξt)

" � w�r#dyw���acalkMijalkmght�nyksa���acdfe�x�tzacec��g�rsa@��t�iGack#whtzn�k
nyo�d w"g�n�u{r#dyw	ghtvuQb#ehn��ye{dfijijtzks� bsehn��sx�ali tvwGrstz��r`��d�wGnyksa/��a�u tvw	t�nyk�ijd ���>aMi(dy��a5o nye
a�dyu{r/b>n�w�w	t��sx�a@e{dfk#��n�iFn�U�g�ulnyija�" � bsbsx���tzk#��b#dfe{dfijalghale�tedlac��b>nyx�t�ultza�w�tvw�dyk d ghghaciGbsg�ghn
e�ac�U#u a5ghrsa/��t�ijalk#wht�nyk6nyo�ghr#a�b#ehn��sxzaciM������ijd���tzks�.ghr#a�d�uWght�nyk6g�d��yalk d gGght�ija

t
�

ytt�kmghnjdfk5a ��bsx�t�ult�g}o Usk#u ght�nyk5nfo`g�rsa�w"g{d gha�nfo:ghrsa�u n�ijb#dfk��(d g�ght�ija
t− 1

dfk#��ghrsa�e{dfk#�snyi
�sal~yacxzn�bsijalkmg��>a g"��alack

t − 1
dfk#�

t
"@�}rstvw�a ��bsxztvu tzg�o Usk#uWg�tzn�k tvw�ijd���aj��alb>alk#�salkmg�n�k.d

k�Usi ��ace]nyo�b#dfe{dfija g�ale{w
α
� ��rstvu{r@��a�nybsght�iGtedla�n ~yacec�c�yt�~mt�ks�TU�w`g�rsa bse�ny�#xzaci o n�ehibUsx�dfght�nyk �

min
α

f0(x0) + � ξ1
[f1(

−→x 1(ξ1), ξ1) + � ξ2|ξ1
[f2(

−→x 2(ξ2), ξ2)+

· · · + � ξT |ξT−1
[fT (−→x T (ξT ), ξT )] · · · ]], ! ��"��fd #

w." g?"
x0 = g(x̄, y0),

! ��"�� � #
y0 ∈ Y0,

! ��"��fu�#
xt(ξt) = g(xt−1(ξt−1), yt(ξt), ξt), t = 1, . . . , T,

! �" �y��#
yt(ξt) ∈ Yt(xt−1(ξt−1), ξt), t = 1, . . . , T,

! �" �fa #
yt(ξt) = γ(xt−1(ξt−1), ξt, t, α), t = 1, . . . , T.

! �" � o #

�}r#aju{r�dfe{dyuWg�ale�t�w	ghtvulw�nfo g�rstvw�b#ehn��sxzaciNt�w�e{d g�rsale���t 2>acehack�g�o e�nyi ! ��" � # �`ghr#dfg�bse�ny�#xzaciNt�w
xvdfe��ya�� w�uldyxza��U�g�x�tzk#acdfe�����rsaceha�dyw ! �" ��#�t�w}x�n ��� �stzijalk�w	t�nyk#dyx �U�g�ksn�k�� x�t�ksacdye?"

� k � :� � 8  6i ��a�u nyijb#dyeha�w	ghn�u{r#d�w"g�t�ujb#ehn��ye{dfijijtzks��g�nIb#dfe{dfijalghale�tedlac�.b>nyx�t�ultza�wl�
�>nfg�r 6�U�dfkmghtzg�dfght�~yalx�� dyk#� 6WU#dyxztzg�dfght�~yacxz��"��}rsajijdytzk�d���~ dfkmg�dy�yaGnfo�d�w	ghn�u{r#d�w"g�t�u x�tzksa�dfe
b#ehn��ye{dfijijtzks��dybsbse�n�dyu{rjtvw�tzg�w��ye�acdfg �#a ��t��stzx�tzg"� ! u n�iGb#xza �julnyk#w	ghe{dft�kmg�wqi(d �G��a�r#dfk#�sxza��
t�k/d(w"g�e�dytz��rmg	o nye��}dfe{�(��d �
# �sdfk#�5ghr#a�o dyuWg�g�r#d g���a@��njksnyg�tzk���Usalk#ula�ghr#a@w	n�xmU�g�tzn�k5��tzghr
b#eht�nyedyw�wcUsijb�g�tzn�k#w]nfo#��r#dfgu{r#dye�d�uWg�ale�tmdcacw`d��yn�n��@w	n�xmUsght�nyk�"�}rsa i(d �"n�e]��n ��k�w	tv��a tvw:ghrsa
ulnyijbU�g{d g�tzn�k#dfxUbse�t�ula ��ghrsajk�Usi �>ale�nyo ~ dfe�t�dy�sx�acw��ye�n ��w�a ��b>nyk#alkmghtvdfx�xz�/��tzghr.ghr#aGk�Usi �
�>ale�nfo9g�tzija�� w	g�dy�yacw tzk�ghrsa�bse�ny�sx�aliM��o nye{u t�ks� U#w ghnGdf�y��ehac��dfgha�ght�ija � w"g{df�ya�wqo n�e�bse�ny�#xzacijw
��tzghr�d5rst��yr kWU#i �>ale�nfo}w"g{df�ya�w."(��k g�rsajnfg�rsale�r#dyk#�9�`b#dye�dyija ghacehtedla��/bse�ny�sx�ali(w��ye�n �
n�ksx��.x�tzk#acdfe�x��Itzk g�rsaQk�Usi ��ace@nfo}g�tzija � w	g�df��acwc�]dyk#� bse�n��U#u a(bse�ny�#xzacijw@nfo�xzn �D��t�ijalk��
wht�nykMu nyijb#dyeha��(g�njw	ghn�u{r#d�w"g�t�u�x�tzk#acdfe}bse�ny��e�dyijiGt�ks��"�}rsa���n ��k�w	tv��a�nfo � !:p � bse�ny�#xzacijw
��dywhac��n�k b#dfe{dfijalghale�tedlac� b>nyx�tvu t�acw t�w ghr�d gGghrsac� e�acwOUsxzg t�k6ksn�ksx�tzksa�dfejdfk#� ksnyk�� u n�k�~ya �
b#ehn��sxzaci(w���r#t�u{rMdfe�a�r�dfe{�(ghn(whnyx�~ya�"]� k�nye{��ale�g�n �>alksa �sg�o e�nyiDghr#a@dy��~ dfkmg{df�ya�w nyo:�>nfghr
ijalghrsn��swc��ulnyi �stzk#aQg�rsaMg"��n dfb#bsehnmdyu{rsa�w t�kmghn d rm���se�tv� ija g�rsn��9�����6ulnyk#w	gheZU#u ght�ks� d
b�dfe{dfija g�ale�tmdcac�5b�n�xztvu ����rsale�a�ghr#a@b�n�xztvu �Qo Usk#u ght�nyk/tvw��#d�w	a��5n�k�ghrsa whnyxeU�g�tzn�k�nyo�djx�dyeh��a
k�Usi ��ace�nyo�w"g�n�u{r�dyw	ghtvu�xzt�ksa�dfe�b#ehn��ye{dfijijtzks�(b#ehn��sxzaci(w."�� kIn�Use�g�acw	g�g�rsa r����se�t��Mb>nyx�tvu �
ulxza�dfe�xz�jn�U�ghb>aleho nye�i(w�dGw"g�n�u{r#dyw	ghtvu�x�tzk#acdfe�bse�ny��e�dyiGijt�ks�@bse�ny�#xzaci���whrsn ��tzk#��U#w�ghr�d g�ghrsa
dy�y��ehac��d g�tzn�kQnyoUw	g�dy�yacw�uld=U�w	a�w�dj�st�d�w���rstvu{rMksal�md g�tz~�alx��Qd 2 acu g�w�g�rsa whnyxeU�ght�nyk:�#dfk#�5g�r#d g
dGb#dye	g�nyo]g�rst�w��st�d�w}i(d ����a�e�alijn ~�ac����� U�w	t�ks�Gghrsa�r����se�t��5b>nyx�t�ul��"
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�}rsa/o n�ehibUsx�dfght�nyk,nfo@d i(d g�rsali(dfghtvuldfx�bsehn��ye{dfi tvw���eha�d g�xz� w	t�ijbsxzt��#a��,�m�6ghrsa�U#wha/nfo
dfk�dfx��yac�se{dftvu ijn���alx�t�ks�/x�dyks��U�df�ya ! � pI! #6" ��nfg@i(dfk�� � pI!:w dfe�aGr#n ��ac~yale�wOUstzghac�.o n�e
w"g�n�u{r#dyw	ghtvu�bse�ny�ye{dfijijt�ks�@" 	 rsalkIghrsa@��nye �Qn�kMghrstvw�ghrsa�w	tvw��}dyw�w	g�dye	g�ac�9�#ghrsaceha a ��tvw"g�ac�
! g�nQn�U#e ��ksn ��x�ac����a #}n�ksx��5g"��nQwh��w"g�ali(w�o n�e�i(dfk�df�yt�ks�Qw	ghn�u{r#d�w"g�t�u bse�ny�ye{dfijijt�ks�(ijn����
alxvw �q��!:��� �h�����m� ��dyxzx>dfk#�(pId ��ale�� ���� ��dfk��Q������������� �@��u e�acdfghac�j���G�Unyt�e� � � � dyk#�
U#whac� ��� ��n�k#whtz��xzt}dfk#����acijb#w"g�ale ��	  �"6� k dy�s�st�g�tzn�k`��g�rsale�a5a ��t�w	gha���d w	��w	ghaci uldfx�x�ac�
��� ������������u e�acdfgha��(������n�k#��ac~ d�U � � !]dfksx�n � dyk#�Q
#e�dy�ykst�ale�a ��	��� ����acwht��yksa��(ghn a ��ghe{dyu g
ghrsa�w	gheZU#uWgZUse�a�o e�nyi dGw"g�n�u{r�dyw	ghtvu�bse�ny��e�dyiGijt�ks�@bse�ny�#xzaciDo nye�i�Usxvd g�ac��t�k�� � p �^"#��t�k#ula
ghrsack`�9nfg�rsale�t�ijbsxzacijalkmg�dfght�nyk#w�r#d ~ya ��acalk u e�acd g�ac�9�9wOU#u{r.d�w������ ks���`��a�whuleht��>ac�I��� ��d��
xzackmghay�9p/tzghe{ds� �Un�n �	dyehtdfk#������e�t�d���t�w � ���� �9dyk#�Idfk a ��ghack#w	t�nykIghn5ghrsa � p/� ! ijn���alx�t�ks�
x�dyks��U�df�ya��:i(dy�sa����.!`n�b�a�w � �y���" � x�x�g�rsacwhaQwh��w	ghaci(wl�a �su acb�gG���������������@���n�e���w�d�w
��e�dybsb>ale{w�dyehn�Usk#�5dfk�a ��t�w	ght�ks�Gijn��salx�tzks�jxvdfks��U#df��a �mghr#a�ijn���acxzt�ks�jx�dyks��U�df�ya�t�w U�w	a���g�n
u e�acdfgha�nyk#a@p/��� � �#x�a ! d�w	g�dyk#�sdye����#x�a�o nye�i(d g�o nye�xzt�ksacdye�i(d g�rsali(d g�t�ucdfx`b#ehn��ye{dfi(w # o n�e
acd�u{r whulalk#dyeht�n ! n�e�k#n��say� o nye�whnyija wh��w"g�ali(w #�tzk dQw�u ack#dfe�tznjg�ehaca�"��}rsa�w	a �#xza�w�dyeha ghrsack
bse�n�ulacw�w	a��5ghn(o n�ehi[d�w"g�n�u{r#dyw	ghtvu�bse�ny�ye{dfijijt�ks�jbsehn��sx�ali t�k ��p/����o nye�i(d g � ���"�� ijbsx�a �
ijalkmght�ks��d w"g�n�u{r�dyw	ghtvuQbse�ny��e�dyijiGt�ks�.iGn���acxzt�ks� w	��w	ghaci tzk g�rst�wGo d�w	r#tzn�k6tvwjbse�d�uWg�t�ucdfx �
w	t�k#ula ksnMu{r#dyks�ya�w�k#alac�IghnM�>aGi(d���a g�nQg�rsajijn��salx�tzks��xvdfks��U#df��a�" ��n ��ac~yale���ghrsacehajdfe�a
w	n�ija���tvwhd���~ dfkmg�dy�ya�w � dyw:ghr#a � pI!Qtvw]tzk�~yn��ya���o nyeacdyu{r whulalk#dyeht�n�nyeksn���a�tzk ghrsa}whulalk#dyeht�n
ghe�ala���ksnyk�� e{dfk#��n�i alx�alijalkmg{w}nfoghrsa�bse�ny�#xzaci ��tzx�x9�>a�bsehn�ulacw�w	a��QibUsx�g�tzb#xza�g�tzijacwc����rstvu{r
t�w�tzksa 4�u t�alkmg?"�
U#e	g�rsale�ijnye�ay����r#dfg�t�w�u nyijibUskstvuld g�ac��g�njghrsa whnyx�~yace�dfe�a�eha�dfx�tmd�d g�tzn�k#w�nfo
u n�a 4�ultzack�g{w�t�k/g�rsaGulnyk#w	ghe{dft�kmg�i(d g�eht��9�>��acb�ack#��ack�g�nykIghrsa e�dyk#��nyi[b#dye�dyiGalghace�w�nfoqghr#a
bse�ny�sx�aliM�qdfk#� k#nfg g�rsaQe{dfk���nyi=b#dfe{dfija g�ale{w�ghr#ali(w	acxz~�acw?" ��t�k#u aQghrsa�w	n�xz~�ale ��n�a�w@ksnyg
r#d ~ya5dfk��.t�k�o n�ehi(d g�tzn�k nyk6rsn �Dghrsa5e�dyk#��n�i=acxzaciGackmg�w tzk6ghrsaMu n�k#w"g�e�dytzkmg i(dfghe�t ��dfe�a
o nye�ijac��o e�nyi g�rsaMe�dyk#��n�i b�dfe{dfija g�ale{wl�qtzg(��a�u nyija�w r�dfe{��aleGghn t�iGb#xzaciGackmg(w�dfijbsx�t�ks�
�#dywhac� w	n�xmU�g�tzn�k.w�u{rsalija�w ! wcU#u{r dyw�� ������� ��dywhac� w�dfijbsx�t�ks�#�`��alijb#w	ghace�dyk#� �}r#nyijb#whnyk
��	 �� #B" ! ��tzghrsace@ghr#a�w	n�xz~�ale�r#d�w�ghn/r#d ~�ajtzk�o n�ehi(dfght�nyk nyk ghrsa �"n�tzkmg �st�w	ghe�tz�@U�ght�nyk nfo�ghr#a
i(d ghe�t�� alx�alijack�g{wl�mi(d���t�ks��ghrsa�tzijbsx�alijalkmg{d ght�nykjijn���alx�� w	b>acult ��uy��n�eqghr#a � pI!Ir#dywUg�n@�>a
tzk�~�n��ya�����rsacksal~�ale�w�dfijbsx�tzks�Gg{d��ya�w}bsxvdyu a�" #
	 a�r#d ~yaqijn���t��#ac� dfk@a ��tvw	ght�ks��nyb>alkGw	n�Use{u a�i(d g�rsali(dfghtvuldfx�bse�ny�ye{dfijijt�ks��x�dyks��U�df�ya��

� ! � p���t�iGb#xzaciGackmghac�����$�}dfehghr�dfk#�"��n�u ��i(d ��e�� �� ��tzk�nye{��ace g�nG�>a�df�sx�a�ghn o nye�i�Usxvd g�a
xzt�ksa�dfe�w"g�n�u{r#dyw	ghtvuGbsehn��ye{dfijijtzk#�Qbse�ny�sx�ali(w?"G�}r#ajdyx�g�ale{d g�tzn�k#w�ijd��yaGt�g@b>n�w�whtz�sx�aGghn/��a��
u xvdfe�a@w	n�ija@b#dfe{dfijalghale{w�dyw�e�dyk#��n�i���w	n(g�r#d g���rsalk/g�rsa@ijn���alxtvw�ghe{dfk�w	xvd g�ac�5ghnQdQu nyk
�
w"g�e�dytzkmg�ijdfghe�t �9�mghr#a�i(dfghe�t �(alx�alijack�g{w���tzx�x`u n�k#w	tvw	g�ksnyg�nyo:k�Usi �>ale{wl���Usg}nyo:a ��bse�acw�whtzn�k#w
u n�k�g{dft�kst�ks�je�dyk#��nyiFb#dfe{dfijalghale{w?" ��ack#u a��s��r#d g�t�w�a ��b�n�e	g�ac�5o ehn�i[����������� ! � p t�w�d
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k#nye�ijdyx`w"g�n�u{r#dyw	ghtvu�x�t�ksacdye�bsehn��ye{dfijijtzk#� o n�ehibUsx�dfght�nyk �

ijt�kstzijtedla T
∑

t=0

c �t xt,

wOUs���"a�uWg�ghn
W0x0 = h0,

t−1
∑

k=0

At,kxk + Wtxt = ht, t = 1, . . . , T,

xt ≥ 0, t = 0, . . . , T,

��r#ale�a whnyija i(dfghe�t �/alx�alijack�g{w�dyeha �yt�~yack dyw�a ��bse�acw�w	t�nyk�w�nfo�e{dfk���nyi ~ dfe�t�dy�sx�acw?"��}rsa�w	a
a ��bseha�whwht�nyk#w�dfe�a�o a��5ghnjdfk�al~ dfxeU#d g�tzn�kQe�n�U�g�tzk#a�t�k#wht��sa�g�rsa�w	n�xz~�ale�tzk�nye{��ace�g�nGo nye�i�Usxvd g�a
g�rsa�o U#xzx�w"g�n�u{r#dyw	ghtvuqx�tzksa�dfe]bsehn��ye{dfijijtzk#��b#ehn��sxzaciG"]�}rsa�e{dfk���nyi�tzkso nye�ijdfght�nyk�tvw9g�rsale�al���
d��s��a��MghnQghrsaGbse�ny�sx�ali[tzk�w	tv��a ghrsaGw	n�xz~�ale��#ksnyg�t�k#wht���a ghrsa ijn��salx�tzks�5x�dyks��U�df�ya dyw���tzghr
nyghrsace�xvdfks��U#df��acwc��d���t 2 ale�alk#ulaI��rstvu{r t�w(t�x�xmU#w	ghe{d g�ac�,t�k�
tz��Useha �" 	 tzghr n�UseQwha gZUsb`�
t�ijb�n�e	g{dfk#ula�whdyiGb#xzt�ks�Gt�w}a�dywhtzace g�nGt�ijbsx�alijalkmg�dfk��Qdfk���e�ac�Usk#�sdyk�g}al~ dyxmU#dfght�nyk5nfo]k#nyk��
e{dfk���nyi alx�alijalkmg{w�tvwQd ~yn�t��sac� " � ��tvw�dy��~ dfkmg{df�ya/tvw�k�d gOU#e�dyxzx��6g�r#d gQghrsa w	n�xz~�ale�ibU#w"g
t�k#ulxmU#�sajghrsajo Usk�uWght�nyk�dfx�t�g"� ghnMal~ dfxeU#dfgha(a ��bse�acw�whtzn�k#wl�9��tz~�alk.ghrsa(~ dyxmUsa�w�nfo�ghrsa(e{dfk���nyi
b�dfe{dfija g�ale{w."��}rst�w���tvwhd���~ dfkmg�dy�ya@tvw�ksnfg��ye�acd g��>d�w�a ��bseha�whwht�nykMal~ dfxeU#dfght�nykIe�n�U�g�tzk#acw�dfe�a
o e�alacxz� d ~ dft�xvdf�sx�a�" 	 rsalk U#whtzks� d6��e{dfb#b�ace5dfe�n�U#k#��dfk a ��t�w	ght�ks� � pI! ��g�rsa dfx�eha�dy���
a ��t�w	ght�ks�Ga ��bse�acw�w	t�nyk�ac~ dfxeU#d g�tzn�k�o Usk#u ght�nyk#dyxztzg"�(nfo]ghrsa � pI! t�w#U#whac�9��i(d��mt�ks� ghrsa�whnyx�~yale
x�acw�w�u n�ijbsxza � "
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tz��Useha@������nyijb#dfe�tvw	n�k���alg"��acalkI����������� ! � p dyk#��nfg�rsale���� ijn���alx�t�ks�(w	��w	ghali(w?"

�%Use�ehackmghx��y�fg�rsa�n�ksx�� whnyx�~yale�wOUsbsb>nyehght�ks�@n�U�ghb@U�g�o e�nyi ����������� ! � p tvw ��� ��� ! ghrsa
whnyx�~yace U#whac� t�k �qdyb�aceQ�	��#6"���n ��al~yacec��d�w ��� ���,i(d � ��a w	algQg�n6a ��b>nyehg���p/��� �#x�acw
��tzghr#n�U�g(w	n�xz~�t�ks�Ig�rsaQb#ehn��sxzaciM�qt�gjt�wGb>n�w�w	t��sx�a�g�nfU#whaM�s��������� ! � p t�k�ulnyk � U#k#uWg�tzn�k
��tzghrQnfghr#ale�w	ghn�u{r#d�w"g�t�u}b#ehn��ye{dfijijtzks�@whnyx�~yace�wqd�w���alx�x �m���bU�w	t�ks����� ���jd�w d�g�e�dyk#w	xvd g�tzn�k
xvd �yace?"

	c�



� O���\ �5PUR�� � P]V

� b#dye	g(o e�nyi ghrsaItv��a�dywGo nye�o U�gOUse�a/��nye ��iGackmght�nyksa���t�k b#dyb�ace�wj� ���	� ����aMr#d ~yaMijnye�a
�yacksale{dfx9��t�eha�uWg�tzn�k#w}nfo]o U�gOUse�a���nye �>��ksnyg���t�eha�uWghx���e�alxvd g�ac�Qghnjghr#a@dfehghtvu x�acw?"

� k g�rsaIu6Use�e�alkmg(tzijbsx�alijalkmg{d ght�nyk,nyo�g�rsa/ijn��salx ����aGU#whaId w	ghn�u{r#d�w"g�t�u�x�tzk#acdfe(b#ehn��
�ye{dfijijtzk#� w	n�xz~�ale�dfk#��d bst�acu ac��t�wha�x�t�ksacdye�n����"acu ght�~ya�o U#k#uWg�tzn�k�"q�}rsa�e�acd�w	n�k(��acrst�k#�(g�rst�w
u{rsnytvu aj�}dyw�g�r#d g@��a���tv�.k#nfg@�>alx�tzac~yaGghr#dfg@ghr#ale�aGa ��t�w	gha�� whnyx�~yace�w�o n�e@u nyk�~�a �9�`x�tzksa�dfe�xz�
u n�k#w"g�e�dytzk#ac�@w	ghn�u{r#d�w"g�t�u�bse�ny�ye{dfijijt�ks��a 4�ultzack�gqacksn�Us��r@g�n�r�dfk#��x�a�n�UseUbse�ny�sx�ali(w?"]��n ���
al~�ale�����tz~�alk@b#ehn��ye�acw�w9tzk ghr#t�wUdfe�acd�! whala��mghactzk��#d�u{r � ����sdfk#� ��xzn�i �}dfx�x�dfk�� !`t�k#���>ale�� � �� #W�
t�g���n�U#x��5��a�t�kmghaceha�w"g�tzks�Gg�njdybsbsx��Qdje�acu6U#e�whtz~�a�t�kmghale�t�nye�b>nyt�k�g�ija g�rsn��5ghn(n�U#e�bsehn��sx�aliG"

� k�ghr#aMu.Use�ehack�gjijn���alx ��g�rsa/u nyijb#dyk�� tvw(dfx�x�n ��a�� ghn ghe{dy�sa5n�ksxz��t�k,dyw�w	algjulx�d�whwhacw?"
�}rstvw�r#dyw�ghrsa@��tvw�dy��~ dfkmg{df�ya�nyoe�a�6WUst�eht�ks�(djxvdfe��ya�k�Usi �>ale�nyo]g�tzija�� w	g�dy�yacwc�sdyw�ghrsa@e�tvw�� �
��tzacx��5ghe{dy�saln32Ii(d ��n�ksx��Q�>a@dfxzghale�ac�5����g�e�d���a�"�p U#xz~�al�y��pIdy�swhalkMdfk���pInye�tzk � ����]r�d ~ya
tzk�u nye�b>nye{d gha���r����sehtv�6d�whwha g{wl��wOU#u{r dywGtzk�~�acw	ght�ks� t�k d ghe{dy�stzks� w"g�e�dfghac�y� ehacbsx�t�ucd ght�ks� d
u n�k�g�tzk#�yalkmg ulx�dytzi ! o nye tzk#w	g�dyk#u a�d�tzk#�sa � � x�t�k
�ya��Gwhacu.Use�t�g"� ��t�g�r�d���U#dye�dyk�g�ala #B" 	 a���n�Usxv�
xzt��ya ghn�tzk�~�acw	ght���d g�a�ghr#t�w�tvw�d5i�Usxzght�� w"g{df�ya w"g�n�u{r�dyw	ghtvu@bse�ny��e�dyiGijt�ks��wha g	g�tzk#�#�`whtzk#ula@g�rst�w
dfx�xzn ��w�u{r�dfks��tzks�Gg�rsa�tzk�~�acw	ghijalkmg�b>nyehg	o nyx�t�n(��alg"��acalk�ght�ija � w"g{df�ya�w."��}r#t�w�iGt��yrmg�rsacxzbGU#w
ijt�g�tz�md gha�g�rsa@dy��~�ale{w	a�a 2 acu g�nfoqdf���ye�al��dfght�ks��g�tzija � w	g�df��acw?"

��n ��ac~yacec�>n�Use�i(dft�k tv��acdQehac��dye���t�ks�(o UsgOUse�a ��nye �Mehac��dye��sw�b#dfe{dfija g�ale�tmdcac�/b>nyx�tvu t�acw?"
	 rsalk/uleha�d ght�ks�(dfk � !]p iGn���acx �#��a�r#d ~�a�g�n���t 2>acehack�g�t�dfgha��>a g"��alalk�g�rsa@w"g�e�dfghac�ytvu�dyk#�
g�d�uWghtvu�xzac~yalxvw�nfo`g�rsa�iGn���acx�" � g�ghr#a�w	ghe{d g�al��t�u ! ghr�d g�t�wc��xzn�ks��� ghacehi$#�xzac~yalx ����a���alghale�ijtzk#a
��rstvu{r�o e{dyu ght�nyk#wGnyo�g�rsaId ~ dft�x�dy�sxza�o Usk��sw�whrsn�Usxv� ��aIdyxzx�n�uldfghac�6ghn d�whwha g�� ulx�d�whwhacwc� wOU#u{r
dyw��>nyk#�sw�dyk#� w	ghn�u �^" � g�ghrsaGg{dyuWg�t�u"! g�r#d g�tvwl�]w	rsn�e	g�� g�ale�i$#�x�al~yacxU��aj��a g�ale�ijtzksaG��rstvu{r
w"g�n�u ��wQdfk#�,�>nyk#�#wjghn �@Us��"<� k n�U#e�b#dfehghk#aleQulnyijb#dfk��6ghrstvw�tvw�t�ijbsxzacijalkmgha��,�m��ghr#a
��nmdfe{�Ii(d���t�ks�M��acult�whtzn�k#w�nyk dfx�xzn�uldfght�nyk#w�t�k�g�n/dyw�w	alg�� u xvdyw�w	a�wl� dfk#�Io nye�a�dyu{r d�whwha g�� ulx�d�whwc�
dfk6d�ululn�Uskmg�� i(dfk#dy�yace��sa ghacehijt�ksacw ��rstvu{r6dyw�wha g�w@ghn.rsnyxv��t�k nye{��ale@ghn �>acdfg rstvw g�dfe��yalg
! ��alksace�dyxzx���dfk�tzk���a ���yt�~yalk����(ghr#a���nmdfe{��#B"
� k�n�U#e�iGn���acx ����a�r#d ~ya�e�alxvd ght�~yacxz�(i(dykm�5dyw�w	alg}ulx�d�whwhacw}u n�ijb#dfe�ac��ghnjnfg�rsale}ijn���alxvw."

	.a�i(d ��w	aca�g�rstvw�d�w#U#w�tzk#ulxmU���tzk#�Gd x�dyeh��ale�b#dfehg�nyo`ghr#a�b#ehn��sxzaci d g�ghrsa�w	ghe{d ghac�ytvu�x�al~�alx �
u n�iGb�dfe�ac��g�n�nfghr#aleUijn��salxvw."� k g�rstvwo e�dyiGac��n�e�� � �qdfb>aleq�h�	�:i(d �@�>a�w	acalkjdywUdfkjd ghghaciGbsg
ghnIijn ~�ajghrstvw x�t�ksa Usb�g�n ��dye��#w�ghrsa�w"g�e�dfghal��t�ujx�al~�alx\" 	.a5��n/ghr#t�w ���.r#d ~�t�ks�/�se�n�d���ale��
�U�gMo al��ale���d�whwha g�� ulx�d�whwhacw?"D��n ��al~yacec��r#n �Nghrsa�d�whwha g{w5dyeha u{rsn�whalk�tvw��yt�~yack ��� ��U#dfx
tzkso nye�ijdfght�nyk o e�nyi=ghrsaQw	ghe{d g�al��t�u(wh��w"g�aliG" 	.a�i(d �.xzt��yack ghrstvw�g�nI�yt�~�tzks�Mg�rsaQd�ulu n�Uskmg
i(dfk#dy�yale{w@xvdfe��yace ulx�d�whwhacw ghn.ijdyk#df��ay�q�Usgjt�k#w	gha�dy� nyo�bse�n ~�t���t�ks�In�ksx�� dfk t�k#��a �6dywjd
��ack#u{rsi(dfe � �sdy�s�st�g�tzn�k#dfx:uleha���tzg�t�w���tz~�alk5o nye�djb>nyehg	o n�xzt�nj��rstvu{r�b>n�whtzght�~yalx��5ulnye�ehacx�dfgha�w�g�n
ghrsa eha�w	aceh~�acw?" pIUsxz~�al� � ����m��tvw�u6U#w�w	a�w>ghrstvw ��t�k#��nfomo e{dfijal��nye �^"9� k�rst�w`��n�e�� � g�rsa w	ghe{d g�al�ytvu
xzac~yacx�u{rsn�n�whacwGrsn �Fghn���tvw"g�eht��U�g�aMghrsaId ~ dft�xvdf�sx�a�o Usk#�sw(n ~�alej�>nfghr d�whwha g{w(dfk#� r����sehtv�
dyw�w	alg�w?"I�}rsaQb#ehtvu a�w@nfo��st 2 ale�alkmg ��t�k#�sw nfo�e�t�w�� dfe�a(ny��g{dft�ksac�jU�w	t�ks� ��U�dfx�tzk�o n�ehi(dfght�nyk
o ehn�i ghr#a@w"g�e�dfghal��t�u�x�al~yacx�"
	 aG��n�Usx��Ixzt��ya ghn5g�d���a@g�rst�w�tv��acd5nyksaGw"g�alb o Use	g�rsale��9dfk#�/ghnfg{dfx�xz�Me�alijn ~ya@ghrsajdyw�w	alg

u xvdyw�w	a�w�o e�nyi g�rsa(w"g�e�dfghac�ytvu@x�al~yacx�" 	.aG��n�Usxv� ��n5ghrstvw�t�k g�rsa o e{dfijac��n�e��Mnfo�b#dfb>ale��	� �
U#whtzks��b>nyx�t�ul��o Usk#u ght�nyk#w?"��tz��r�gUksn ��g�rsa}b�n�xztvu �@o Usk#uWg�tzn�kGwhb>acu t��#a�wU��rst�u{rGdyw�w	alg�w]ghn�rsn�x��9�
i(d���tzk#��ghrstvwqo U#k#uWg�tzn�k Usksksa�u a�whw�dfe�tzx�� r#tz��r�� �stzijalk�w	t�nyk#dyx ! rsalk#ula�r#dye�� g�n nybsght�iGtedla #B"�	 a
��n�Usxv�Qt�k#w	ghacd���xzt��ya�ghnjg�acw	g�djijnye�a�ulnyijbsx�a �Qb>nyx�tvu ��o U#k#uWg�tzn�k`�#r#d ~�t�ks� g"��n(xvd �yace�w?"�}r#a
ghn�b xvd �yace���tzx�x�g{d���ajghrsa�b>nyx�tvu � b�dfe{dfija g�ale{w�dfk#�.ghr#aQw"g{d g�a(nfo�ghrsaQulnyijb#dykm� dyw�t�ksbUsg

	��



dyk#���yt�~ya5ghrsaMbse�t�ula5nyo�e�t�w�� o nye�dyk�dybsbse�nybse�t�dfgha5ehtvw�� � ijacdywOUse�a ! o nyejtzk�w"g{dfk#ula 	�� 
 � �
��d�� #W�dyw���alx�x d�w�ghrsaQehac��dye�� o nye@x�a ghght�ks�I��t�alxv�.n�k ghrsaQd�whwha g�� ijt�� ulnye�ehacx�dfghaG��t�g�r ghrsa
e�acwhale�~ya�w."��}rsa xzn ��ale�x�al~�alx]��n�Usx�� ��k#�Mghr#a dyw�wha g�ijt��M���5g�d��mt�ks�(g�rsa b#ehtvu a@nyoqehtvw��Mdfk��
n�b�ght�ijtmdca�ghrsa�e�tvw�� � dy��� U#w	gha��Q��t�alxv�Qn�k�ghrsa@d�whwha g{w."U� k�ghrstvw�x�n ��ace}xzac~yalx9n�b�ght�ijtmd�d g�tzn�k`����a
��n�U#x�� u n�k#w	tv��ace g�e�dyk#whd�uWg�tzn�k�u nmw"g{wjdfk#��xzac��dyx�e�acw	ghe�tvuWght�nyk�w n�k6g�rsa/u nyijb#dyk���"���alk#ulay�
g�rsaGUsbsb>alejx�al~yacx���n�U#x��6nyksx�� ��acdyx���tzghr ��rstvu{r6x�al~�alx�nfo�x�nyks��� g�ale�i ehtvw�� g�n g{d��ya�� dfk��
r#n �Dghn.�st�w	ghe�tz�@U�gha5ghrstvw ehtvw�� n ~�ale�g�tzijaMdfk#� g�rsaMw"g{d gha5nfo�g�rsa�ulnyijb#dykm��" 	 a5�>alx�t�al~ya
g�r#d g�g�rst�w���n�U#x�� tzijbse�n ~ya ghrsajb>nyx�t�ul��� o Usk#u ght�nyk#w`U�w	a��It�k.b#dyb�ace��	� �`dyw�tzg���n�Usx�� xzn ��ale
g�rsa ��t�ijalk#wht�nykMnfoUghr#a@b�n�xztvu �Qo Usk#u ght�nyk`�>dyw���alx�x:dyw�ghe�acd g�g�e�dyk#w�dyuWg�tzn�k�uln�w	g�w�t�k/dj��alg	g�ale
o d�w	r#tzn�kQg�r#dfk�ghr#a@u6Use�ehackmg}k#n�� ghe{dy��a�ehac�yt�nyk�"

	#�
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�s��t�alxv�sw�dGr��mb>ale�� bsx�dyksa�u6U�ghght�ks�(n32/g�rsa�~ya�uWghn�e

xq
dyw}tzg���n�acw}ksnyg

o Usx��#x�x
η � Tkx ≥ η � hk
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g�n

i(d ��tzijtedla
ρ̄ � b +

n
∑

k=1

Vk
∑

v=1

(λk
v(πv

k) � hk) +
S

∑

s=1

µ �s (ηs
k) � hk(s),

wOUs���"a�uWg}ghn
ρ̄ � A +

n
∑

k=1

Vk
∑

v=1

(λk
vπv

kTk) +

S
∑

s=1

(µs) � Tk(s) ≤ c,
! � " ��#

Vk
∑

v=1

λk
v = pk, k = 1, . . . , n,

λ ≥ 0.
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x
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πv
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t�w�dyk5n�b�ght�i(dfx`��U�dfx:whnyxeU�ght�nyk5ghn
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d �k yk,wOUs���"a�uWg�g�n
Wkyk = hk − Tkx,

! � "�	c��#
y ≥ 0, k = 1, . . . , n.
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ηs

k
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v+ + v−,wcU#���"acu g�g�n
Wk(s)yk + Iv+ − Iv− = hk(s) − Tk(s)x,
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y, v+, v− ≥ 0.

	 a�bU�g
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Vk
∑

v=1

λk
v(πv

k) +
∑

s:k(s)=k

µk(s)(η
s).

! � "�	���#

� w���a ��ksn � ghr#dfg
πv

k

dyk#�
µs

o Usx��#x�x

π �k Wk≤ d �k ,

(ηs) � Wk(s)≤ 0,

wht�k#u a�g�rsal�Qdyeha�o a�dywhtz�sx�a���U#dyx:w	n�xmUsght�nyk#w�ghn ! � "�	c� #�dyk#� ! � "�	�	 #W����a��yalg}ghr#dfg

γ �k Wk =





Vk
∑

v=1

λk
v(πv

k) � +
∑

s:k(s)=k

µk(ηs) �



 Wk ≤ pkd �k ,
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Vk
∑

v=1

λk
v = pk.
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ρ̄, λ, η

#]o U#x �#x�xvwghrsa�u n�k#w	ghe{dft�k�g{wnfo ! � " ��# �ydfk#� rsack#u a
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��	



~ dfxeUsa�a�6WU#dyx ghn�ghrsa�bseht�i(dfxfn����"acu ght�~ya�~ dyxmUsa��c��a ��ksn �.ghr#dfg:g�rst�w]��U#dyx�whnyxeU�ght�nyk�tvw`n�b�ght�i(dfx\"
�}rstvw�e�acwOUsxzg�tvw'U�w	alo Usxo ehn�iFg"��n�b>ale{w	b>acu ght�~ya�w."�
tze{w"g�xz���>ghrsaj��U#dyx]~ dfe�tvdf�sx�acw�nfo�g�rsa ��e�w	g
w"g{df��a�dfe�a�d�b#dye	g nyo:dfk(n�b�ght�i(dfx��U#dfx w	n�xmUsght�nykjghn@ghrsa���rsnyx�a�bse�ny�#xzaci��mdfk#�Qw	a�u nyk���xz���yt�k
ghrsa�df�#whalk#ula�nfo>o acd�w	t��st�xztzg"� u.U�g�wc�mdyk#�G��t�g�r�nyk#xz� nyksa�n�b�ght�i(dfx�t�g"�Gu6U�g�d�uWg�tz~�a}o nye d�ulalehg�dft�k
wcU#�sbse�ny�sx�aliM� g�rsa���U#dyxs~ dfe�t�dy�sx�acwUnfo>ghr#t�w�wcUs�#bsehn��sx�ali2dyeha�dyx�whn�d�b#dfehg�nfo9d���U#dyx#w	n�xmUsght�nyk
ghnGghr#a���rsnyx�a�bsehn��sx�aliG"��}rstvw}t�w}g�eOU#a�wht�k#u a�t�kQg�rstvw�uld�w	a���a�r�d ~ya�ghr#dfg

γk := λk
vπv

k

tzk a�6WU#dfght�nyk ! � "�	���#W� ��tzghr
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�(d�ulu n�Uskmg dyucu eZUstzk#��tzkmghaceha�w"g
��tz~�alk/���5ghrsa ��n�kWU�w�e{d gha�"��}rst�w�ijacdfk�w�ghr�d g�g�rsa ulnyijb#dfk���t�g{w	acx�oqt�k��@Usack#u a�w�tzg�w�o U�gOU#eha
e�acwhale�~ya/e�a�6WUst�e�alijalkmg�wQ���,wha ghght�ks� g�rsalt�eQ�>nyk�U#w5e{d gha�"2��t�k#u a ghrsaceha.t�w�dfk alx�alijalkmg5nyo
��U#dfe{dfkmg�alac�@ehalgOUse�k`�fd�����a���tvw	r xztzo a�t�k#wOUse{dfk#ula�b>nyx�t�ul��i(d ���>a}~�tzac��a��@dywUd�g�dfe��yalg]ijnyk#al�
b@Use�u{r�dywha@bsxvdfk�"��}rsa b>nyx�t�ul�Mt�w�rsn ��al~yace�ksnyg�alkmg�tze�alx���ulnyk#whtvw"g�alkmg���tzghr wOU#u{r dQbsxvdfk`� dyw
g�rsa���U�dfe{dfkmghacac��e{d g�a�nfo]e�a gZUse�k5i(d �Qu{r#dyks�ya���U#eht�ks�Gghrsa�b#x�dyk 5 w}x�tzo a ght�ija�"
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� k�nye{��ace�ghnG��U�dfe{dfkmghaca�ghr#a�whnyx�~yack#u �jnfod x�t�o a�t�k#wOUse�dyk#u a�u n�iGb�dfk��y�mx�d ��w�e�a�6WUst�eha�ghr#dfg}d
x�tzo a�tzk#wOUse{dfk#ula�ulnyijb#dykm��n ��k�wd�whwha g{wtzkGa �su a�whwnyo#g"��n�e�acwhale�~ya�xzac~yalxvw?"]�}rsa`FO-./�FZE+*\S-,R./�37]�-
FZ-B*.-.FB]+-�tvw�u n�ijbU�gha�� dyw�ghrsa�wOUsi=nfo�dyxzxqb�d �mijack�g{w�ijd���aGghnMg�rsa(u nyijb#dyk��y�`t�k#u e�acd�w	a��
��tzghrIghrsa@�>nyk�U#w�e�dfgha�nfoqe�a gZUsehk/d�ulu eZUsa���whnjo dfen"�� oqdQu6U#w	ghn�iGace�nfoqdf��a

x
i(d���acw�djn�ksa �

g�tzija���acb�nmw	tzg�nfo
D0

d g�ght�ija
0
�mghrsa�e�a ghe�n�whb>acuWg�tz~�a�e�acwhale�~ya

V
o nye�g�rst�w��salb>n�wht�g�d g}ght�ija

t��t�x�x`��a���tz~�alk����

V (t) = D0(1 − ρ)exp

(∫ t

0

δ + (αµ(x + τ) − β) dτ

)

,
! ��"�	 #

��r#ale�a
δ
t�w�ghrsa@�>nyk�U#w�e�dfgha�t�kmghalk�w	tzg"�y�

µ(x)
t�w�ghrsa ��acdfghr/t�k�g�alk#whtzg"�5nyoqdQu6U#w	ghn�iGace�! g�rsa

b#ehn��#df�st�x�t�g"��g�r#d g�d u.U#w	ghnyijace���tzx�x���t�a/t�k�d�w	rsn�e	g(t�kmghale�~ dfx
t
ghn

t + ∆t
t�w��yt�~yalk ���

µ(x)∆t
# �

ρ
t�w@dM��acb�nmw	tzg�o ala�dyk#�

α
dfk��

β
dyeha(whacu6U#ehtzg"�/o dyu ghn�e�w?" 	 rsalk g�rsa(eha�w	aceh~�acw

dyeha�uldyx�u.Usxvd gha��9�sdfk�t�k#wcU#e�dyk#u a�b�n�xztvu �Qt�w}~�t�al��ac��dyw}dju nyx�x�acuWg�tzn�k5nyo]n�ksa � ght�ija�b�d �mijack�g{wl�
dyk#� ghr#aIeha�w	aceh~�a5e�a�6WUst�e�alijalkmg(o nye�ghrsa ulnyijb#dykm�6t�w�o n�Usk#�,��� wcUsijijt�ks��ghr#aIeha�w	aceh~�a
ulnykmghe�t��U�ght�nyk�w�o ehn�i dfx�x9b#d ��ijalkmg�w�g�n g�rsa@u n�ijb#dfk������(g�rsalt�e�u6U�w"g�nyijale{w."

�



�}r#aKS^FOE+*\S@-,R6/\37]+-[FO-6*.-6FB]�-UtvwU�yt�~yalk �m�@ghrsa}bse�acwhalkmgU~ dyxmU#a�nyo#g�rsa}xzn ��acw	gUdyxzx�n ��ac��o U�gZUse�a
b#d ��ijalkmg�wU��tz~�alkG�m� ghrsa���U#dfe{dfkmg�alac� e�dfgha}nfo e�a gOU#ehk�"� kjnye{��aleUg�n�tzx�xeU#w"g�e�dfgha�ghr#t�wqe�acwhale�~ya��
��a�dyw�wOUsija�ghr�d g���a�r#d ~�a�dGu6U#w	ghn�iGace}nfo]dy�ya

x
��rsnGr#d�w�d b>nyx�t�ul�(�yt�~mt�ks�Gd ��U#dfe{dfkmghacac�

u n�k�g�tzk�Usn�U#w�w	ghe�acdyiFnyo 	 ��� � b�ace���acdye?"��}r#a w	ghe�acdfi ��t�xzx�>a b#dyt��In�U�g
m
��acdfe{w�o e�nyi

ksn �6dyk#� dyk#�Gu nykmg�tzk�Usa�o nye
r
��acdye�wc� �yt�~yalk ghr#dfgqghrsa�u.U#w"g�nyijaleUtvwqw"g�tzx�xsdfx�t�~ya�"�}rsa}bse�acwhalkmg

~ dfxeUsa�nfoghrstvw�w	ghe�acdfi ��t�x�x`��a

K(x, m, r) =

∫ m−r

m

e−δ̄τP (Tx > τ) dτ,

��rsale�a
δ̄
tvw ghrsa�tzkmghaceha�w"g�e�dfgha�t�kmghack#w	tzg"�jnfo9g�rsa���U#dfe{dfkmg�alac�Ge{d g�a�nfo`e�a gZUse�k(n32 ale�ac�jg�n@ghr#a

u6U#w	ghn�ijale���dfk��
P (Tx > τ)

t�w ghr#a�bse�ny�#dy�st�xztzg"�@g�r#d g�ghrsa�ehaci(dft�kstzk#��xztzo acwhb#dfkQnfo:d�b>ale{w	n�k
nfo�df��a

x
tvw@xvdfe��yace�ghr#dfg

τ
"I� o�n�Use u.U#w	ghnyijace@ksn �Di(d��ya�w@d/n�ksa � ght�ijaQ��alb>n�whtzg nfo

D0
�

ghrstvw���t�xzx:�Us�Qr#ale�dj��U�dfe{dfkmghacac�Qulnykmght�k�Usn�U�w�w	ghe�acdyi nfo
g
��� �2b>ale���acdfe�����tzghr

g
��actzks�

��a ��ksac�����
g :=

D0

(1 + ρ)K(x, m, r)
,

dfxzghrsn�Us�yr5nyk#ula�w	rsa�e�acd�u{rsacw�rsace�ehalght�ehaciGackmg�dy�ya���g�rsa@dyu gOU#dyx b#d ��iGackmg�w	ghe�acdyi e�acu actz~�ac�
i(d ���>a r#tz��rsale��9dyw��yt�~yalk/����ghr#a �>nyk�U#w�e�dfghaGdf�>n ~ya�"���aceha�� dy��dytzk`�

ρ
tvw�dQ��acb�nmw	tzg�o aca�"

�}rsa�bse�n�whb�a�uWg�tz~�a�e�acwhale�~ya�o nye}g�rst�w}n�ksa�ght�ija@��alb>n�whtzg}��t�x�x`��a

S = gK(x, M, r),

�U�g�ksn �Jghrsajbse�acwhalkmg�~ dyxmU#a
K
r#d�w�ghnM��a(ulnyijbU�g�ac�;U#whtzks�5ghr#a(xzn ��acw	g�dyxzx�n ��a��I��U#dfe��

dfkmghacac�/e{d g�a nyo e�a gOU#ehk�"��}rsaGx�n ��a�w"g�dfx�xzn ��ac�/��U#dfe{dfkmg�alac�Me{d g�a nyo ehalgOUse�kItvw�w	alg����Mghr#a
ehac��Usxvd g�tzk#�@d=U�g�rsnye�t�g"�T�K37&
(�&@*B37&*\S-l0=/�3�E=&
-.& ! ����a���t�whrjo nye ghrsa�
]t�k#dyk#u a�� k�w	b>acu ght�nyk # ��dyk#�
t�g�tvw�d32>a�uWg�ac�I���Mg�rsajxzn�ks��� ghacehi[i(dfe �ya g�e�dfgha�w."@�}rsaGbse�nyijtvw	a ijd���a ghn5ghrsaju6U#w	ghn�ijale��
g
�Utvw � ��a���dfk#��t�k#��acb�ack#��ack�gGnfo}ghr#aQe{d ghaXU�w	a�� ghn ulnyijbU�g�a�tzgc�q��rstvu{r�ijacdfk�w�ghr�d g tzo
ghrsa5��U#dye�dykmghala�� e�dfgha(nfo�e�a gZUse�k�t�w u{r#dfks��ac�9�]ghr#aQbse�acwhalkmg ~ dfxeUsa5nfo�dMo U�gZUseha5b#d ��ijalkmg
w"g�eha�dfiM�

K(x, m, r)
��t�xzx�u{r#dfks��ay�dfk#��whn/��tzx�x�g�rsa�bse�n�whb>acuWg�tz~�ajeha�w	aceh~�a�"5��alk#ula(ghr#ale�a

t�w�d(u n�Usbsx�tzks�Q��alg"��acalk�ghrsaGdyw�w	alg�bse�t�ulacw�dyk#��ghrsa xztvdf�st�x�t�g�tza�w�~�t�dGg�rsa x�nyk#��� ghale�i i(dfe �yalg
e�dfgha�w."


	� ��� � � � 4 � 8�� � 8 ��� � � 8 �  � 	h6b4
�}rsaju nyk�w	n�xztv�sd g�tzn�kInfo ghrsa(u n�ijb#dfk��Mt�w���a �#ksa�� dyw�g�rsaGwOUsiLnyo�ghr#a ~ dfxeUsaGnfo�dyxzxqd�whwha g{w
��t�~mtv��a�� ��� ghrsa�ehalghe�n�whb�a�uWg�tz~�a�eha�w	aceh~�a ! ��a �#ksa��6df�>n ~ya #B" �}rsaQe�al��Usxvd ght�ks� d�U�ghr#nye�t�g�tza�w
eha76WUstze�ajghr�d gGdIxztzo aQt�k#wOUse�dyk#u a�ulnyijb#dykm� �yacalb#w@t�g{w ulnyk#whnyx�t��#d ght�nyk �>a g"��alack 	c�y��
Ldyk#�
	��y� 
 "2�}rsa�w	a.xzt�ijt�g{w5dyeha.ksnfgMw"g�ehtvuWg�xz�,ack�o nye{u a�� ��u nyk�w	n�xztv�sd g�tzn�k xzac~yacx�w5��acxzn � 	��y��

dfe�a d�ulu acb�gha��/o n�e�whrsn�e	g�ale�b>ale�t�n��#w�nyo�ght�ija�"G��n ��al~yacec�>tzo�ghrstvw�e�a�6WUst�ehaciGackmg�tvw�~�t�nyxvd g�ac�
��Use�tzk#��x�nyk#��b>ale�t�n��#wqnfo�ght�iGa���n�eU�m�Gd�w	t��ykst���ucdfkmg�dfijn�Uskmg��yd=U�g�rsnye�tzght�acwUi(d �@e�a�6WUst�eha�ghr#a
u n�iGb�dfk��/ghn/e�a g�ehnmdyu ght�~yalx��Ix�n ��ace�ghrsa��>nyk�U#w@e�dfgha(nfo}e�a gOU#ehk�"���a g�ehnmdyu ght�~yalx��Ie�ac��U�u t�ks�
ghrsaG�>nyk�U#w�t�w�b>aleho acuWg�xz�/x�al�mdfx ���@U�g�~�ale��GUsk#��a�w	t�e�dy�sx�a@o e�nyiNd�bU#�sxztvu ehacx�dfght�nyk#w�b�n�tzkmg�nfo
~�tzac�Y"

� k dy�s�st�g�tzn�k�ghn u n ~yaceht�ks�Mg�rsa5e�a g�ehnmw	b>acu ght�~ya�e�acwhale�~ya��ghrsa�u nyijb#dyk�� tvw eha76�U#tze�ac� g�n
n ��k6dyw�wha g�w t�k6a �sulacw�w nyo�ghrsa�bse�n�whb�a�uWg�tz~�aQe�acwhale�~ya�" 
U#e	g�rsale�ijnye�ay� � U#w	gjuln ~yaceht�ks�/g�rst�w

�



e�acwhale�~ya}tvwqksnyg alksn�Us�yr �fghr#ale�a�dfe�a�x�t�iGtzg�w nykj��rstvu{rjg"��b�a�nyo9d�whwha g{wUi(d � �>aTU#whac� ghn uln ~yace
g�rsa e�acwhale�~ya�"�
#nye�a ��dyijbsxza���d�ulnyijb#dykm�5i(d �5u n ~�ale�dfg�ijn�w	g�� � 
 nfoUg�rsa@e�acwhale�~ya`U#whtzks�
a76WUst�g"��"�! �}rstvw���n�acwjk#nfg(xzt�ijt�g(g�rsaIdfijn�Uskmg g�r#d gQd u n�ijb#dfk���i(d � t�km~�acw	gGt�k,a�6WUstzg"�y�
d�w�x�nyk#�5dyw�ghrsaju n�ijb#dfk���n ��k#w�dfg�x�acd�w"g  � 
 nyoqghrsaG~ dfxeUsa nyo�ghrsa bse�n�whb�a�uWght�~ya eha�w	aceh~�a
t�k nfghr#alejdyw�w	alg�w?" # � w g�rsa5b#ehnmw	b>acu ght�~yaQe�acwhale�~ya5��acdyx�wG��tzghr6��U#dfe{dfkmg�alac� ��acksa �sg{wl��ghrsa
e�a�6WUst�e�alijalkmg�w�e�alxvd g�ac�QghnGghrstvw�e�acwhale�~ya�dfe�a�ack�o nye{u a��Qt�k�dGijnye�a�w"g�eht�ks�yackmg}�}d �jghr�dfk5ghrsa
e�a�6WUst�e�alijalkmg�w�ehacx�dfgha���ghn�g�rsa e�a g�ehnmw	b>acu ght�~ya�e�acwhale�~ya � �se�acd��mt�ks�(g�rsacwha eZUsx�acw�ijd ��e�acwOUsx�g
t�k�ghrsa�x�t 6�U#t��sdfght�nyk�nfoghrsa@ulnyijb#dykm��"

� 	�� �%� � �� ��'�( ��� � � � � ��$&+�( ������$ � - ����$&' � � � ��+ $ (
� kGnye{��ace:g�n�rst��yr#xzt��yrmgghrsa���t 2>acehack#u a�wUdfk#� w	t�ijtzxvdfe�t�g�tza�w:�>a g"��alack g�rsa�iGn���acx�bse�acwhalkmgha���tzk
g�rstvw:b#dyb�acedyk#��nfg�rsale]ijn��salxvw U#whac��o nye � !:p�� d�whrsnyehg:n ~�ale�~mt�al� nfoseZUsx�acw]dfk#��e�al��Usx�dfght�nyk#w
nyonyghrsace�u n�Uskmghe�tza�w�tvw���tz~�alkQk#a ��g?"
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�}r#a ��a ghr#ale�x�dyk#�sw�r#dyw�d@b>alk#wht�nykQwh��w"g�aliD�#dywhac��x�dyeh��alx�� n�k(o Usk#��a��Qd�whwha g{w." � w}d ulnyk#wha �
6WUsack#u a��sxvdfe��ya�d�whwha g{w�dfe�a�r#alxv�5���Q�'U�g{u{r�b>alk�w	t�nyk5o Usk#�sw�! dfkMa�w"g�tzi(d g�ac�M� � 
 nfoUdfx�x ghrsa
b>alk�w	t�nyk�dyw�w	alg�w�tzkQghrsa�� |@�sd�ululnye{��tzk#��ghn ��n�ack#��ale ��	� # dyk#�(g�rsa�i(d�whwhtz~�a�o Usk��sw�rsalxv�����
�'U�g{u{r5o U#k#�sw}r#d ~�a�t�k#w	b#tze�ac�5i�U#u{r5eha�w	a�dfe{u{r�t�k�g�n � !:p whnyxeU�ght�nyk#w#Usk���ale�ghr#a��'U�g{u{rMwha g
nyoeZUsx�acw?"

��alehg���	c��� 	���Ur�dyw���al~�alx�nyb>ac�Idyk dyw�w	alg�x�t�dy�stzx�tzg"��ijn���acx]o n�e�d5�[Usg�u{r b>alk�w	t�nyk/o U#k#�9�
��tzghrIu{r�dfk#ula�ulnyk#w	ghe{dft�kmg�w�e�al��U#x�dfght�ks�Gghrsa�bse�ny��df�st�xztzg"��nyo�Usk���ale�� o U#k#��t�ks�@" �}r#a�bsehn��sx�ali
d��s��e�acw�w	a�� t�w@ghr#dfg nfo�i(dfk�df�yt�ks�Id�whwha g{w�o nye d/o Usk#� wha g�U#b ��� dM��ehn�Usb�nfo�u n�ijb#dfkst�acw
! ghrsa�whb>nyk#whnye{w:nyo#g�rsa�o Usk#��#t�k n�e��saleghn�bse�n ~mtv��a�ehalght�ehacijalkmg�>alk#a �sg{wUo nyeghr#a}whb>nyk#whnye�tzk#�
ulnyijb#dykstza�w 5qacijbsxzn ��ala�w." �}rsa/�>alksa �sg�wQdfe�aM�salb>alk#��ackmg�nyk ghrsa/acijbsxzn ��ala�w 5 �#k#dyx�dfk��
d ~�ale{df��aUw�dfxvdfe��y� dfk���ghrsa �"ny�@nyo�ghrsa�ijdyk#df��ale`nyo�ghrsa o Usk#�@tvw:ghn ��alalb�g�rsa�o U#k#� wOU 4�u t�alkmghx��
whnyx�~yackmg}��r#tzx�a �yacalbst�ks�Gghrsa@ulnykmghe�t��U�ght�nyk�w}xzn ��dfk#��bse�ac��tvuWg{df�sx�a�"q� kMn�e���ace}ghn���n(whnGghrsa
n����"acu ght�~ya�tvwUghn�ijt�kst�iGtedla�ghrsa�a ��b�a�uWgha��Gbseha�w	ackmg�~ dyxmU#a�nfo>ghrsa�ulnykmghe�t��U�ght�nyk�wqeha76WUstze�ac� ghn
��alacb�ghrsa�o Usk#�GwOU 4�u t�alkmghx���w	n�xz~�alkmgc� ��tzghr dyk dy�#��ac��b>alk�dfxzg"��o nyeehaciGa���tvdfx�u nykmg�eht��U�g�tzn�k#w."
�}r#a�eha�wcU#x�g�tzks��iGn���acxytvw`d�ijt���a���tzkmg�al�yace`x�tzksa�dfe`b#ehn��sxzaciM�c��rstvu{r�tvw:whnyx�~yac��~�tvd�d�rsa.U#ehtvw"g�t�u
ijalghrsn�� "q��alehgijn���alxvwghr#a�a�u nyk#nyi ��~�tvd�d � � � ! �qacu ghnye � U�ghn���ac�ye�acw�w	t�~ya #9ijn���alx �ydfk��
g�rsa@w	g�d gZU#w�nyo:ghr#a���acksa ��ult�dyeht�acw}nyo:g�rsa�o Usk#�Mtvw}ijn��salx�ac�����QpIdfe �yn ~(u{r#dytzk�w."

� k���	 � ����n�U���alk���aceh��dyk#� ��n�k#��dlt�nTU#wha�ghrsa�whdyiGa o e�dyijal��nye �>���U�gUe�albsxvdyulaqghrsa�bse�ny���
dy�st�xztzg"� u n�k#w	ghe{dft�k�g{w����/b>alk#dyx�g�tza�w�o nye`Usk#�sale�� o Usk���tzk#�#�:dyk#�It�ijb�nmw	aje�acw	ghe�t�u ght�nyk#w�nyk ghrsa
��acdyehx���~ dyehtvd g�tzn�k#w`nyo#b#d ��ijalkmg�w]i(dy��a�ghn�ghr#a o Usk�� " � ��dytzk`� g�rsa�ny���"a�uWght�~ya�tvw`g�n�ijt�kstzijtedla
g�rsa�bse�acwhalkmg�~ dfxeUsa�nfo]ghrsa@ulnykmghe�tz�@U�ght�nyk#wc����rst�xza�b>alk#dyxztedlt�ks�(e�alijac�st�dyx ulnykmghe�t��U�ght�nyk�w."

�}rsa�whdyiGa�o e�dyiGac��n�e��.t�w�U#whac��n�k#u aQdy��dytzk���� ��n�Um��alk��>ale�� � ���� �q��r#ale�aQ��t 2>acehack�g
w�u ack#dfe�t�n���alksace�dfght�nyk ijn���alxvw@dfe�a(a �sdyiGt�ksa�� "��}r#a�ijn��salx tvw@tv��ack�g�t�ucdfx ghnMghr#aQnyk#a���a �
w�u e�t���a���������n�k#��dctzn�dyk#� ��n�U���alk���aceh����	  ���tzghr�g�rsa�a �su albsght�nyk�nfo#dybsbsx���tzks��d�6WU#dy�se�dfghtvu
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t�k�o n�ehi(d g�tzn�k`�9b#dye�dyiGalghace�w�dfk#� ~ dyehtvdf�#xza�w���rstvu{r ~ dyeh�M�>a g"��alack.w�u alk�dfe�tznmw���t�xzxq�>ajtzk#�st �
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��dytzk#wc��r#d��Qg�rsalt�e�d�whwha g{w���acalkMt�km~�acw	gha���dfg�ghrsa@w	g�dfgha��>nye�ehn ��t�ks�Ge�dfgha�" �}rstvw�t�w�iGn���acxza��
���Qg�rsa�o dyu ghn�e

θt �>��rstvu{r/t�w���a ��ksac�/d�w}ghrsa xzacks�fg�r/nfoUghrsa b�aceht�n��Mxza�dy��t�ks�XUsbMg�n(ght�ija tght�ijacw
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g�tzija�wqghr#a�d ~yale{df��a�w	g�dfgha��>nye�ehn ��t�ks��e{d gha���U#eht�ks��ghr#t�w b�aceht�n�� "
@Usehghrsacehijnye�ay�
ghe{dfk#w�dyu ght�nykMu nmw"g{w}o nye�d�whwha g

i
dfe�a��yt�~yack����

γi

��dfk���ghe{dfk#w�dyu ght�nykMu n�w	g�w�dfe�a@dyw�wcUsija���g�n
��a5bse�nyb>nyehght�nyk#dyxqghn ghrsa�dfijn�Uskmg �>n�U#�yrmg n�e w	n�x���" 
Usehghr#ale�iGn�eha��ghrsa���tze�acu g ��t�alxv� nfo
dyw�w	alg

i
��Use�tzk#� g�rsa�b>ale�tzn��5xza�dy��t�ks�<Usb�ghnjg�tzija

t
tvw���tz~�alk��m�

ρt
i
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	 �U4�8\:�6 � �}rsa��>nyk�U#w�e{d gha��yt�~yack�g�n g�rsa�u6U#w	ghn�ijale{w�tvw�ghrsa�bse�t�ijdyeh�(�}d �jtzk���rstvu{r
ghrsa@�st 2 ale�alkmg�x�t�o a�t�k#wOUse�dyk#u a�ulnyijb#dfk#tza�w�u nyijb>a g�a�"���ack#u a�g�rsa@u n�ijb#dfk�����rstvwhr5g�njrsnyxv�
ghrstvw@e{d g�a�rst��yr`�qdyk#� bse�a o ale{df�#xz�.al~yack n ~yale@ght�iGa�"I��t��yrmg ksn �D��a���nIksnyg alkso nye{u ajghr#a
eha76WUstze�alijack�g�ghr#dfg}ghrsa�e�dfgha�w	r#n�Usxv���>a�al~yack`���U�g�nyk#xz�jg�eh�jg�nGd ~�nytv�(xzn � e{d g�acw�nfo��n�kWU�w
ehalgOUse�k�" � w�r#d ~�tzk#��djxztzo a t�k#wOUse�dyk#u a�b>nyx�tvu �Mw	rsn�Usxv�5�>a dykId ghghe{dyuWg�tz~�a�dfxzghale�k#dfght�~ya@u n�i �
b#dfe�ac� ghnYU�w	t�ks�@d�rst��yrjt�k�g�ale�acw	g dyucu n�U#k�g��f��a}�sa �#ksa�n329w	alg�wUo e�nyi�g�rsa�x�nyks��� g�ale�i4t�k�g�ale�acw	g
e�dfgha�dyw

∆rref,a, a ∈ A
�sdfk��Qdy�#��b>alk#dyx�g�tza�w�o nye}r#d ~�tzk#� �>nyk�U#w�e�dfgha�w��>alx�n � g�rsacwha�x�al~�alxvw �

rt + zt
a ≥ rt

ref + ∆rref,a, t ∈ T, a ∈ A.
! �"���#
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w	b>acult�o �Qghr#dfg�t�g�ibU#w	g�dfg�dfx�x ght�ijacw��>a@df�sx�a�ghn�uln ~yale�g�rsa�bse�n�whb�a�uWght�~ya�e�acwhale�~yaAU#w	t�ks�Gghr#a
u n�ehe�acu g g"��b�a�w�nfo]d�whwha g{wl��dyw}��a�whuleht���a��(t�kM��a�uWg�tzn�k���"�	�" �"U�}rsaceha�t�w}d xzt�ijt�g}ghnGrsn ��ibU#u{r
nfo�ghrsa/e�acwhale�~ya�i(d � ��aIuln ~yaceha�� U#whtzk#� d�whwha g{wGnfo�d whb>acu t��#a��6g"��b>a�"�
#nye(t�k#w"g{dfk#ulay�}d
i(d ��tzibUsi nfo�� � 
 nfo ghrsaGeha�w	aceh~�a�i(d ���>a(u n ~�ale�ac� U#whtzks�Mw	ghn�u �^"�� k.nye{��ale�ghnMuldfbsgOUse�a
ghrsa�w	a�eha76WUstze�alijack�g{wl�m��a�t�k�g�ehn���U�u a�~ dyehtvdf�sx�acw

x̂
t
i

w"g{d g�tzks� rsn � i�U�u{r�nfo:a�dyu{rQd�whwha g�u xvdyw�w
t�wAU#whac�Ighn�u n ~yace�g�rsajbsehnmw	b>acu ght�~ya@e�acwhale�~ya�� ! k#d gZUse{dfx�xz�M��a r#d ~�a

x̂
t
i ≤ xt

i

#B"@��tz��r�g�ksn �

	��



n�ksx��6u n�k#w"g�e�dytzkmg{w n�k6g"��n�w	alg�wGnfo�dyw�w	alg(ulx�d�whwhacwGdfe�a�ehacxzac~ dykmgGo n�eGghrsa/ijn���alx � �@U�g���a
o n�ehibUsxvd gha}g�rsacwha�e�a�6WUst�ehacijalkmg�wqijn�eha���alksace�dyxzx�� whrsn�Usxv�Gghr#a�u n�iGb�dfk�� ��a�u tv��a�ghn a ��b#dfk��
g�rsa�iGn���acx x�dfghale�nyk ! o nye�t�k#w"g{dfk#ula����jt�k#u xeU#��t�ks�ju nye�b>nye{d gha��>nyk��sw #6"���aceha

K
e�albse�acwhalkmg�w

g�rsa�w	alg�nyo:eOU#xza�w."U
sn�e�a�dyu{r�eZUsx�a
k
g�rsale�a�tvw}d wha g

Ik

nyo:dyw�w	alg�w�d 2 acu ghac�Q��� g�rstvw�eZUsx�ay��dfk��
dji(d ��t�i�U#i o e{dyuWg�tzn�k5nyo]g�rsa�e�acwhale�~yay�

ck

�#��rstvu{rMijd �Q��a@uln ~yale�ac�Q����ghr#acwha@dyw�w	alg�w?" 	.a
r#alk#ula��ya g}g�rsaYUsbsb>ale��>n�U#k#��nykMdyw�w	alg�w U#whac�Qghn�uln ~yale�ghr#a�eha�w	aceh~�a�d�w

∑

i∈Ik

x̂
t
i ≤ ckSt, t ∈ T, k ∈ Kt,

! �" ��#

��r#ale�a
St tvw}ghr#a�~ dyxmU#a�nyo:g�rsa�bse�n�whb�a�uWght�~ya�e�acwhale�~ya�d g�ght�ija t

"

#dytzxeUse�a g�n5uln ~yale�ghrsaGe�acwhale�~ya U#wht�ks��g�rsaGulnye�eha�uWg�dyw�w	alg�w�tvw�d���e�d ~�a@~�tzn�x�dfght�nykInyoqghrsa

e�al��Usxvd ght�nyk�wl� dfk#� ��tzx�xUxza�dy�Mg�nQg�rsaGxzt 6WUst��#d ght�nyk.nfoqg�rsaGulnyijb#dykm��" � w�xzt 6WUstv�sd g�tzn�kIt�w�dyk
dyx�g�ale�k#d g�tz~�ay� dfxzghrsn�Us�yr ksnfg�d�bsx�acd�whdykmg�nyksa�� ��aG��n5k#nfg�w	ghe�tvuWghx��Malk�o n�e�ula@g�rst�w�eZUsx�a�" 	.a
�sn t�k#w"g�acd��6dy�#� d w	ghacalb b>alk#dyx�g"� o n�e o dytzx�tzk#�Ighn u n ~�ale�g�rsa�eha�w	aceh~�aXU#w	t�ks� ghrsaMu n�ehe�acu g
d�whwha g{wl�sdGb>alk#dyx�g"�Q�yt�~yalk�bse�nyb>nyehght�nyk#dyxzx��jghnGg�rsa�~�tzn�x�dfght�nyk

zt
p

�

∑

i∈I

x̂
t
i + zt

p ≥ St, t ∈ T.
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� w5o dytzx�tzk#� ghn u n ~�ale(g�rsa bse�n�whb>acuWg�tz~�aIe�acwhale�~yaItvw5d6�ye{d ~yaM~�tzn�x�dfght�nyk�nyo�ghrsa.eOU#xza�wl�
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nyo t�k#u e�acd�w	t�ks�Qb>alk�dfxzght�acw�o nye�dfx�ijn�w	g�o dytzx�tzk#��ghnMu n ~�ale�ghrsaje�acwhale�~ya�"�� k n�e��sale�ghnQack�o nye{u a
d ~�nytv��t�ks�5~�t�nyxvd g�tzks��g�rst�w@eha�w	aceh~�a e�a�6WUst�ehacijalkmg�wc�9��a(t�kmghe�n���U#u a(dMwha g@nfo�whacu6U#ehtzg"�/xzac~yacx�w
fq , q ∈ Q

�q��rsale�a
fq

e{dfks��acw�o e�nyi
1.15

�sn ��k�ghn
0.9

" 	 a�d��s��x�al~�alxvw �>alx�n �
1
al~�alk

g�rsn�U#�yr ghr#a5u n�ijb#dfk�� ��n�acw@��dfk
��eZUsb�g tzo�ghrsa�u n�k#��tzght�nyk�tvw@~�tzn�x�dfgha��9�d�w�g�rsa5ulnyijb#dfk��
i(d �jdyw�� o n�e a �mg�e�d u nykmg�eht��U�g�tzn�k#wUo e�nyi ghrsa�n ��ksale{w�t�k(nye{��ale ghn d ~�nytv�G�#dfk
��eZUsb�g{u �y��dfk��
g�rsacwhaju nykmg�eht��U�g�tzn�k#w�whrsn�U#x��/�>aGrsalxv�Iwhijdyxzx\"��}rsa ��ac�ye�ala�g�nQ��rstvu{r/g�rsaGwhacu.Use�t�g"��xzac~yacx�w
dyeha�~�t�nyxvd gha��5dyeha��yt�~yack5���

zt
q

�#��a ��ksac�����

xt
tot + zt

q ≥ fqS
t, t ∈ T, q ∈ Q.
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��nyghaGghr�d g�ghrstvw�a ��bse�acw�w	t�nykfU#w	a�w�ghrsaGghnyg�dyxUd�whwha g{w

xt
tot

�`ksnyg�g�rsa(wcUsiBnfo
x̂

t
i

"@� o�ghrsa
d�whwha g{w

x̂
t
i

��aceha[U#w	a��jtzk�ghrsa�a ��bse�acw�w	t�nyk ! �@" � #ghr#t�w���n�Usxv�Go nye{u aaU#w ghn uln ~yace 	�	�� 
<nyo ghrsa
e�acwhale�~ya�Q�*B37&W> /7N@-bR,E�FBFZ-ZR./a(+*,*.-6/ R61m(�*,*6-6*W��whnyija g�rst�ks�j��rst�u{r�tvw�ksnfg�e�a�6WUst�e�ac������xvd �Y"

� � 678���4?� � <>6 � � � 8 � 4 � 8�� � 8 ��� � � 8 �  � 	h694 �}rsa(e�a ghe�n�whb>acuWg�tz~�a e�acwhale�~yaGtvw���a �#k#ac� tzk
n�e��sale�g�n6��U#dfe{dfkmghaca/ghr�d gQg�rsa u nyijb#dyk���tvw�nyk g�e�d�u �6g�n6x�tz~�afUsb ghn g�rsa �>nyk�U#w5e{d gha
b#ehn�iGtvwhacwq��tz~�alkjghn@ghrsa�u.U#w	ghnyijace�wc��d�w ��a�whuleht���a��jtzkQ��acuWg�tzn�kQ��"�	�" �"
	.a�ijn��salxso dytzx�t�ks��ghn
uln ~yace]g�rsa�e�a g�ehnmw	b>acu ght�~ya�eha�w	aceh~�a�t�kGghrsa�w�dfija�o dywhrst�nyk(dywg�rsa�bse�n�whb�a�uWg�tz~�a�e�acwhale�~ya���U#whtzks�
b#ehn��ye�acw�w	t�~yacxz�(w	ghalacb�ace�b�ack#dfxzght�acw?" ��alk#ula���a���a �#ksa@d(wha g�nfoUxzn ��ale}x�tzijtzg�wc�

κmin,m, m ∈
M

o nye�djwha g
M

nyo]b>alk#dyx�g�tza�wl��dfk#����a ��ksa�ghrsa�~�t�nyxvd g�tzn�k5dyw}b#ehac~mt�n�U�w	x������1�

xt
tot + zm ≥ κmin,mV t, t ∈ T, m ∈ M.
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� k d��s��tzght�nyk�ghn�bse�al~�alkmght�ks� d ghn�n xzn �[u nyk�w	n�xztv�sd g�tzn�k`��g�rsa/e�al��U#x�dfght�ks� d�U�ghr#nye�t�g�tza�w
��t�whr�d@ulnyijb#dfk�� ghn ��alalbGg�rsa�ulnyk#whnyx�t��#d ght�nyk�Usk#�sale 	 �f��
��mdfxzghrsn�Us�yrGg�rst�w�tvw�ksnyg�w"g�ehtvuWg�xz�
alk�o n�e�ulac� "�! �}r#a�tv��acd�tvw ghr#dfg���dytzk�w�i(dy��a�w	rsn�Usxv�j��a���t�w	ghe�t��U�gha��jghn ghrsa�b�n�xztvu � � rsnyxv��ace�wc�
dfk#�5ksnyg�ehalg�dft�ksa��Qt�k�ghrsa@ulnyijb#dfk���" # ��ack#u a���a�dy�s�Mdjw	i(dyxzx9b>alk#dyx�g"�Qo nye�r#d ~�t�ks�jdGghn�n
rst��yrMu nyk�w	n�xztv�sd g�tzn�k5d�w

xt
tot − zk ≤ κmaxV

t, t ∈ T.
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eha�dfx�tzkmghaceha�w"g5��n�k#�sw�dfk#�,e�acdyx�acw	g�dfgha�" � wQo nye5nfghr#ale5d�whwha g{wl�}g�rsa.ulnyijb#dykm� tvw5whi(dfx�x
alksn�Us�yr/k#nfg�g�nQd 2 acu g�g�rsa i(dfe �yalgc�>dfk#�Mrsack#u a ksn(g�e�d���tzk#��eha�w"g�ehtvuWg�tzn�k#w�dyeha�k#alac�sac�Mo n�e
nfg�rsale�dyw�w	alg�w?"���n ��ac~yale��so n�e�ijn���acx]��alksace�dyxztzg"�y�>��aGw"g�tzx�xUdy�s�fUsbsb>ale���n�Usk#�sw

ui

o nye�ghr#a
ghe{dy��a nfo dyxzxUdyw�w	alg�wc�>dyk#� wha g�i(d ��tzibUsi[ghe{dy��a rst��yr/o n�e�dyxzxqdyw�wha g�w��U�g�eha�dfx]acw	g�d g�aGdyk#�
eha�dfx9t�kmghale�acw	g���n�k#�sw?"

yt
+i ≤ ui, i ∈ I, t ∈ T,

! �"�	�	 #
yt
−i ≤ ui, i ∈ I, t ∈ T.
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� w ghrsa�eOU#xza�w�o n�e�x�t�o a�tzk�wcUse{dfk�u a�ulnyijb#dfk#tza�w ��n�acw�ksnyg�dfx�x�n �,whrsn�e	g�whalx�x�tzks������a�d��s�(x�n ��ace
xzt�ijt�g{w}o nye�dyxzx`d�whwha g{w."

xt
i ≥ 0, i ∈ I, t ∈ T.
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��� �5:	U4 � ��	U4 �}rsaI~ dyxmUsa nfo�ghrsa ehalghe�n�whb�a�uWght�~ya/e�acwhale�~ya���dyk#� ghr#a wcU#i*b#dyt�� g�n�ghr#a
u6U#w	ghn�ijale{wl� dfe�a d32>a�uWgha��I���/b#d�w"g�~ dyxmU#acw�nfo�g�rsa �>nyk�U#w�e{d g�a nfo�ehalgOUse�k�" � w�ijalkmght�nyksa��
bse�al~�tzn�U#whxz������a x�tzk#acdfe�tedla@g�rsaGeha�w	aceh~�a dfk#�/ghrsaGb#d ��ijalkmg�wc� �yt�~mt�ks�!U#w�g�rsa o nyx�xzn ��t�ks�Qa � �
bse�acw�w	t�nyk#w��

V t = V̄
t
+

t−1
∑

τ=0

∂V̄
t

∂r̄τ
(rτ − r̄τ ), t ∈ T,
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P t
out = P̄

t

out +

t−1
∑

τ=0

∂P̄
t

out

∂r̄τ
(rτ − r̄τ ), t ∈ T
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� k.ghr#t�w�a ��b#eha�whwhtzn�k`�
V̄

t t�w�g�rsaj~ dyxmU#a g�rsajehalghe�n�whb�a�uWg�tz~�a e�acwhale�~ya ��n�Usx�� r#d ~yaGtzo ghr#a
��n�k�U#w�e�dfghacw�d g�bse�al~�tzn�U#w�b�aceht�n��sw�r#dy�/�>alack

r̄τ , τ < t
"�� kIghr#ajw�dfija o dywhrstzn�k`�

P̄
t

out

t�w
ghrsajb#d ��ijalkmg{w�ghn�ghrsa�u.U#w	ghnyijace�w�u n�ijbU�gha��fU�w	t�ks��ghrsa�d�whwOUsijac� ~ dfxeUsacw�nyo ghr#a(��n�kWU�w
e�dfgha�nfoehalgOUse�k�"
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g�n�g�rsaGu.U#w	ghnyijace�w�i�U#w	g��>a d��s��a�� "�� k.nye{��ale�ksnfg�ghn�w���al�<ghr#a e�acwOUsx�g{w�dyk#�Mo d ~�nye�r#tz��r
t�k���dfght�nyk/w�u alk�dfe�tznmw�n ~�ale}x�n � t�k���d g�tzn�k/whulalk#dyeht�n�wc��dfx�x`eha�wcU#x�g{w�dfe�a��st�w�u n�Uskmghac� U#wht�ks�Gghrsa
e{d g�a nyo�tzk��>d ght�nyk "�� k d��s��tzght�nyk/g�nQi(d ��t�iGtedlt�ks�(g�rsaGbseha�w	ackmg�~ dfxeUsa nyoqghrsaGb#dfehghtvu t�b#dyk�g{w 5
ijn�ksal����g�rsa�ijdyk#df��alijalkmg�nfo9ghr#a�ulnyijb#dfk��ji�U�w"g�g�d���a�t�kmghnjdyululn�Uskmg�ghrsa�eOU#xza�w�dyk#�(e�al���
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g�ehaca}tzkj��rstvu{rGd�ksn���a}e�albse�acwhalkmg{wd�b>n�w�w	t��sx�a�w"g{d gha}nyo#ghr#a���n�ehxv�@e�acwOUsxzght�ks��o ehn�iJ��t 2>acehack�g
b>n�w�whtz�sx�a�e{dfk#�snyiBn�U�g�ulnyijacw?"M�}rsa�e�nmnyg@ksn���a�n�ulu.Use{w���t�g�r6u ace	g{dft�kmg"�y�]dyk#� e�albse�acwhalkmg�w
��r�d g�tvw ��ksn ��k/d g�ght�iGa

t = 1
�#�>a o n�eha@dyk��5e{dfk#�snyijksacw�w}tvw�e�al~ya�dfx�ac� "��}rsa u{rst�xv� � k#n��sacw

nyo g�rsajehn�nfg�ksn���aGehacbse�acwhalkmg�g�rsaje�dyk#��n�i[n�U�g�ulnyija(d g�ght�ija
t = 2

�]dfk#� acdyu{r.nfo�ghrsa�w	a
k#n��sa�n�ulu6U#e�w���tzghr�dM�yt�~yalk bse�ny��df�st�xztzg"��"M� d�u{r nfo}ghrsa�w	aQksn���acw tzk gZUsehk�r�d ~ya�dIwha g nyo
b>n�w�whtz�sx�aMn�U�g{u n�iGa�wjn�ulu6U#ehe�tzk#� dfgGg�tzija

t = 3
dfk#� whn.o n�e	g�r`�}��n ��k6g�n ghrsa/x�acd ~�acwjd g

g�rsa(g�ale�iGt�k#dyxUght�iGa
T
" � b�nmwhwht��sxza(e�acdyxztedcdfght�nyk.nfo�dfx�xqghrsaQe�dyk#��nyiBn�U�g{u nyija�w���a �#k#tzks�

d.whulalk#dyeht�nItvw ghrsack�dIb�d ghr6o ehn�i ghrsa�ehn�nyg nfo�ghrsa5ghe�ala���n ��k�ghn dIx�acdfo " � k6nye{��ace@ghn
wht�iGb#xztzo �.k#nfg�dfght�nyk`�:��a(��t�xzx�dyw�wcUsijaGghr�d g dfx�xqksn���a�w�r#d ~ya(dMwha g@nfo�u{rst�x��sehack`�:dfxzghr#n�Us��r
g�rstvwqw	algUtvwalijb�g"��o n�eghrsa�xza�d o>ksn���acw?":� k ghrsa���a�whuleht�b�g�tzn�k �>alx�n ��� ��a�dyw�wOUsija�ghr�d g�dfx�xmghrsa
k#n��sacw�tzk.ghr#aGw�u ack#dfe�tzn�ghe�alajdfe�a k�Usi �>ale�ac� ! ��tzghr.ghrsaje�n�nfg�k#n��sa �>alt�ks��ksn���a 	 #W� g�r#d g
g�rsa n�b�ace�dfghn�e

p(i)
e�a gZUse�k#w�g�rsa b�dfe�alkmg�nfoqksn���a

i
dyk#�Mg�rsa wha g�nfo u{rst�x��sehack/nfoqghr#a ksn���a

i
tvw��yt�~yalk �m�

J(i)
"�	.aj��alk#nfgha ghr#a"!�Usk#u n�k#��tzght�nyk#dyx #�bse�ny�#dy�st�xztzg"�5nyo ksn���a

i
n�ucu6Use�e�tzks�

���
qi

"I
@Use	g�rsale��U��a�d�whwOUsija(g�r#d g ghrsa�b#ehn��sxzaci=r�dyw
T
w	g�dy�yacwc���aQ�salksnygha(g�rsaQwha g nyo

g�tzija�� w	g�dy�yacw����
T̄ = {1, . . . , T} �`dyk#�Mghr#aGwha g�nfo k#n��sacw���acxzn�ks�yt�ks�Qghn�g�tzija�� w	g�dy�ya t

�m�
N(t)

"
�}rsa�ksa�w"g�ac� ��alk#�sale{w�dyxz��nye�t�g�rsi tvw�dfbsb#xztvuldy�sxza�g�n(bsehn��sx�ali(w�nfoghrsa�o n�ehi

min

T
∑

t=1

∑

i∈N(t)

qici � xi,
!�	cd�#

w?"g?"
W1x1 = h1,

!�	l� #
Aixp(i) + Wixi = hi, t ∈ T̄ \ {1}, i ∈ N(t),

!�	cu #
xi ≥ 0, t ∈ T̄, i ∈ N(t).

!�	���#
	 a ��acw�u e�tz�>aIg�rsa i�Usxzght�� u.U�gM~yale{whtzn�k nfo@g�rsa.dyxz��nye�t�g�rsi nyksx��y��d�w�g�rsa w	t�ks�yx�a � u6Usg�dfk��
dy�y��ehac��d g�ac�(ibUsxzght�� u.U�g�~yace�whtzn�k#w�o nye�i ijtzk#nye�~ dfe�t�dfght�nyk#w�nyo]g�rst�w�dyxz��nye�t�g�rsiG"q�[Use�t�ks�Gghrsa
a ��acu6Usght�nyk�nfoghrsa@dyxz��nye�t�g�rsiM�m��a���t�xzx`whnyx�~ya�nybsght�ijdyxztzg"��bse�ny�#xzacijw}nyo:g�rsa�o nye�i

[P(i)]

min zi = c �i xi +
∑

j∈J(i)

θj ,
! �fd�#

w?"Ug?"
Wixi = hi −Aixp(i),

! � � #
D

k
i,jxi + θj ≥ dk

i,j , k ∈ 1, . . . , ri,j , j ∈ J(i),
! �yu�#

E
k
i,jxi ≥ ek

i,j , k ∈ 1, . . . , si,j , j ∈ J(i),
! �y��#

xi ≥ 0, t ∈ T̄, i ∈ N(t),
! �fa #

dyk#�5o acd�w	t��st�xztzg"��bse�ny�sx�ali(w}nyo:ghr#a�o nye�i
[F(i)]

�



min wi = 1̄ � u+
i + 1̄ � u−

i ,
! �yd #

w?"g?"
Wixi + Iu+

i − Iu−
i = hi −Aixp(i),

! �f� #
E

k
i,jxi ≥ ek

i,j , k ∈ 1, . . . , si,j , j ∈ J(i),
! �yu�#

xi ≥ 0, t ∈ T̄, i ∈ N(t).
! �y��#

	.a���acksnfg�a}ghrsa���U�dfx�~ dfe�t�dy�sx�acwUu n�ehe�acwhb�n�k#��t�ks��g�n�ghrsa�ulnyk#w	ghe{dft�kmg�w ! � � #tzkGbse�ny�sx�ali
P(i)���

πi

dyk#�Qghrsa@��U�dfx`~ dfe�tvdf�sx�acw}u n�ehe�acwhb>nyk#��t�ks� ghn ! �y� #�t�k
F(i)

���
γi

"
	 r#alk.whnyx�~�tzk#��ghr#a e�n�nfg�k#n��sa bse�ny�#xzaci

P(1)
� ��aGehacbsxvdyu a

h1 − A1xp(1)

���
h1

t�k
u n�k#w"g�e�dytzkmg ! � � #6" 	 rsack6whnyx�~mt�ks� d xza�d o�ksn���a5bse�ny�sx�ali

P(i), i ∈ N(T )
��aQn�ijt�g ghrsa

~ dfe�t�dy�sxza�w
θj

dyk#�.ghrsaQulnyk#w	ghe{dft�kmg�w ! �fu�# � ! �f��# �dyk#� ! ��u�#B"�
Usehghr#ale�iGn�eha��:��rsacksal~�ale���a
r#d ~ya

ri,j = 0
t�k ! �fu #W� ! g�r#d g�tvwc�s��rsalkM��a�r#d ~ya�ksnjnyb�g�tzi(dyxztzg"�5u.U�g�w #���a�wha g

θj

ghn
0
"

	 aGijd �Mksn �<a ��b#eha�whw�ghrsaGe�acu6U#e�whtz~�a�~yace�whtzn�k/nfo�g�rsaGksacw	gha�� ��alk#��ace�w�dfx��yn�ehtzghr#i[d�w
o nyx�xzn ��w��

2 � � � 	
\∗ � k#t�g�t�dyxztedla�dfk���ucdfx�x`w	n�xz~�a���wOUs��o n�e}ghrsa�e�n�nfg}ksn���a ∗\����8

t ∈ T̄ \ {T}, i ∈ N(t), j ∈ J(i)
���

si,j := 0
ri,j := 0� 	��

���
o acd�w

:= ��������	�
�����������
� ��� � � o acd�w 1 � �

z1 < ubd1� 	��
� ��� 8 �
����	U<>6 ��������	�
����� (i) ≡ehalg

:=
gheZUsa

4?�
� � �
P(i)� �

P(i)
tvw Usk�o a�dywhtz�#xza

e�a g
:=

o dfxvwha
� �`4 �

\∗ � oghrsa@u.Usehe�alkmg}ksn���a�bse�ny�sx�ali t�w�o a�dywhtz�sx�ay��w	n�xz~�a�dyxzx`u{rst�xv��ehack ∗\���=8
j ∈ J(i)

���
o acd�w

:= ��������	�
����� (j)� � o a�dyw 1 � �
θj < zj

\∗ � �#��dyk5n�b�ght�i(dfx�t�g"�5u6U�g�tzo]g�rsa@u{rst�x���bse�ny�#xzaci t�w�o a�dywhtz�#xza ∗\
ri,j := ri,j + 1
D

ri,j

i,j :=
qj

qi
π �j Aj

d
ri,j

i,j :=
qj

qi
(zj + π �j Ajxi)� ��4 �

\∗ � �s�Md o acd�w	t��st�xztzg"�5u.U�g�t�oghr#a@u{rstzxv�5bsehn��sx�ali tvw�t�k�o acd�w	t��sx�a ∗\
si,j := si,j + 1
E

si,j

i,j := γ �j Aj

e
si,j

i,j := (wj + γ �j Ajxi)

\∗ ��n(ksnfg�whnyx�~ya�dfk���ijnye�a�u{rstzxv��e�alk�t�oUnyk#a@u{rstzxv�5t�w�t�k�o a�dywhtz�sx�a ∗\
�



2y8 � :� 
� 	�� � �

� 	��
ubdi = zi +

∑

j∈J(i)
qj

qi
ubdj − θj4?�
� � �

P(i)� 	�� � �
� �

P(i)
tvw}o acd�w	t��sx�a

e�a g
:=

gheZUsa
� �`4 �

\∗ ��nyx�~ya�ghr#a�o acdywht��stzx�tzg"�(o nye�i nfoghr#a�ksn���a�bsehn��sx�ali
tzo]g�rsa�nybsght�ijdyxztzg"�(o n�ehiFt�w}ksnyg�o acd�w	t��sx�a�" ∗\4?�
� � �

F(i)ehalg
:=

o dyx�wha
ubdi := ∞� 	�� � �

8 � 6?�y8�	 e�a g
� w�i(d ����a w	acalk�o ehn�i g�rsa dfx��yn�ehtzghr#i���tzg�tvw�a�6WUst�~ dfx�alkmg�ghnjg�rsa ulx�d�whwht�u��se�acd���ghr
� �#e{w	g
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��t�x�xU�st 2 ale��`dyw�ghrsa(ulx�d�whwht�u@~yale{whtzn�kItzijijac�st�dfghalx��/��t�xzxqw	g�dfehg�dQ�#dyu ���}dfe{�Mb#dyw�wc�>��r#ale�acdyw
g�rsaMeha�u6Use{whtz~�aQdfx��yn�ehtzghrsi ��t�xzx�ulnykmght�k�Usa��sn ��k ghr#aQg�ehaca5t�kmghn wcUs�sghe�alacw ��rstvu{r dyeha5ksnfg
�sacw�u alk��sdfkmg�w}nyo]g�rsa�tzkso acdywht��sxza�k#n��sa�"

� � R � � P	� _8� � T ^
	 \]R ���5^�T�� �5R�_
� k.ghr#t�w�whacuWg�tzn�k`�9��aG��a�whuleht��>a g�rsaG�st 2 ale�alkmg@u{rsnytvu a�w�g�r#d g�i(d �/��aGi(dy��aGt�k g�rsajksacw	gha��
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g{d g�tzn�k#dfx:ght�iGaGe�a�6WUst�eha�� "��}rsa u{r#nytvu a@�>a g"��alackI�se�acdy��ghr�� �#e{w"g�dyk#�/��acb�ghr�� �#e{w"g���n�acw�ksnfg
�stze�acu ghx��jd32>a�uWg�ghrsa�iGacijnye��Gdyk#�jght�ija�ulnyk#wOUsijb�ght�nyk:���Usg�tzg�tvw t�k#ulxmU#�sac�(t�k(ghr#t�w�w	a�uWg�tzn�k
d�w�ghrsa@u{r#nytvu a�d 2 acu g�w�ghr#a@dfbsbsx�tvuldf�#tzx�t�g"�Qnfoqd k�Usi ��ace�nfoUijalijnye���whd ~�t�ks� ghacu{r#kst 6WUsa�w."
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� k�ghr#aMulx�d�whwhtvu�ksa�w"g�ac� ��ack#��ace�wj��a�u nyijb>n�wht�g�tzn�k`�qg�rsaMksn���a5b#ehn��sxzaci(w nyo�g�rsa�w�u ack#dfe�t�n
g�ehaca dfe�a whnyx�~ya��!U�w	t�ks�Qd(�#eha�dy��g�r�� ��e�w	g�whacdfe{u{r ! �}
�#W�>nyksa w"g{df�ya@dfg�djg�tzija�"�� k#w	ghacd��M��a
i(d �/n�b�g�ghnMw	n�xz~�a g�rsajbsehn��sx�ali(w�t�k ��alb�g�r�� �#e�w	g$! ��
�#�nye{��ale�t�o�ghrstvw�i(d �/rsalx�b;U#w�whd ~�a
ulnyijbU�g{d g�tzn�k#dfx g�tzija�nye�ijaciGn�eh��"
��a o n�eha@d�wOUs�sb#ehn��sxzaci i(d �Q�>a whnyx�~ya��5t�kMghr#a@ksacw	gha�� ��alk#��ace�w�dfx��ynye�tzghrsiM�stzg�r#d�w}ghn

�>a�xznmdy��a�� tzkmghn ghrsa�!`��� whnyx�~yalebU#whac� " �}rsa5ulnyijbU�g{d ght�nyk�dfx�g�tzija5o nye xznmdy��t�ks�Ii(d � ��a
e�ac�U#u a��(���bU�g�tzx�tedlt�ks� ulnyijb�n�ksalkmg{w dfx�e�acdy�s� t�k(ghrsa�ijalijnye���"� o:d@ksactz��r���n�eht�ks�@wOUs�sbse�ny���
x�ali[tvw�dfx�eha�dy���(x�n�d���ac��t�kmghnjghr#a@w	n�xz~�ale���t�g�i(d ��b#ehn ~�a�d���~ dfkmg�dy�yaln�U#w�ghnXU#wha@�sdfg�dGo e�nyi
g�rstvwqbse�ny�sx�ali4t�kGnye{��aleghn�d ~�nytv�@e�acu e�acdfght�ks��ghrsa���a�w	t�eha�� wOUs�sb#ehn��sxzaci�o e�nyiJw�u e{d g{u{r�"]�}rsa
�>alk#a �sgqo e�nyi U�w	t�ks��dfkGnyxv�Gbsehn��sx�ali�xvdfe��yalx��@��acb�ack#�swqn�k rsn � w	t�ijtzxvdfeg�rsa}g"��n�bse�ny�#xzacijw
dyeha�" ��nygha�g�r#d g�k#nfg�n�ksxz�Qghrsa�g�tzija�o n�e�wha g	g�tzk#�XUsbMghrsa bsehn��sx�ali tvw�e�ac��U�u ac� �st�oUg�rsa�g"��n
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tz��Useha 	 �q�seha�dy��g�r�� �#e�w	g}~yale{wOU#w}��alb�g�r�� �#e�w	g?"

bse�ny�sx�ali(w@dyeha�whtzijt�x�dye�alksn�Us�yr:�dMxvdfe��ya(b>nyehght�nyk nfo}g�rsa ! t�k�~yace	g�ac��#��#d�w	tvw�i(d �.w	ght�x�x �>a
~ dfx�t��9�>��rstvu{r/i(d �Q�ye�acdfghx��Qe�ac��U�u a�g�rsa whnyxeU�ght�nykMg�tzija@nyoqghrsa ksal��bse�ny�#xzaci " � u nyijbsx�t��
uldfght�ks�Go dyuWg�nye�tvw�ghr#a@bse�acwhalk#ula�nyon�b�ght�i(dfx�t�g"��dfk#�5o a�dywhtz�st�x�t�g"�Qu.U�g�w�tzkMg�rsa@wcU#�sbse�ny�sx�ali(w��
ghrsa�w	a�ksala��Gghn@�>a�w	ghnye�ac�jdyk#�jeha�w"g�nye�ac� ��rsalk�d@bsehn��sx�aliJtvw�x�n�d���ac�Gt�kmghn�g�rsa�whnyx�~yalen"]�}r#a
bse�acwhalk#ulaQnfo�u6U�g{wj��tzx�x}rsalk#ula5e�ac�U#u a5ghrsa��>alksa �sg�wj�mdft�ksac� o e�nyi U�w	t�ks� d ksactz��r���n�eht�ks�
bse�ny�sx�aliG"

� o9g�rsa�b#ehn��sxzaci(w
P(i)

dyeha�o a�dywhtz�#xza�o n�e�dyxzx�ksn���acw
i
�me�al��dye��sxza�whwUnyo>g�rsa�~ dyxmUsa�w�nyo

xp(i)

�
ghrsack�g�rsa�bse�ny�#xzaci tvw}whdyt��Gg�n r�d ~yabR,E�:[S
1e-6/2-`FO-,R,E�Q�F,*.-."� o:ghrsa�nyb�g�tzijtedcdfght�nyk�bse�ny�#xzaciJg�n
��a�whnyx�~ya���r#dyw]g�rst�wbse�nyb>alehg"�y� g�rsalk ksn�o acdywht��stzx�tzg"�@u6U�g{wU��tzx�x���a}�yacksale{d g�ac�@�Useht�ks��ghrsa}eZUsk
nfo�g�rsa ksa�w"g�ac� ��ack#��ale{w`dyxz��nye�t�g�rsiG" 	 rsalk ��a r#d ~ya ulnyijbsx�a g�a�eha�u n�Use�whaqtzg]tvw:n��m~�t�n�U#w9ghr#dfg
ghrsa g"��n�ghe{d ~yale{w�dfx9ija g�rsn��sw ! tzx�xeU#w"g�e�dfgha��/tzk.
]t���U#eha 	 #�dyeha@a76WUstz~ dyxzack�g�o ehn�i[d5w	n�xmUsght�nyk
b�ace�whb>acuWg�tz~�ay�mdyw�a�dyu{rjbse�ny�sx�ali2t�w�w	n�xz~�ac� g"��tvu a�t�k(acd�u{r(t�g�ale{d ght�nyk:�ynyk�u a��>a o nye�a�dyk#�jnyk#ula
d o g�ale�tzg�w@u{rst�xv� bse�ny�#xzacijw�dyeha(whnyx�~ya�� ""! �}rsa(nye{��ace�t�k ��rstvu{r g�rsa(bse�ny�sx�ali(w�dfe�ajw	n�xz~�ac�
��tzx�xrsn ��ac~yace���t 2>ace��>a g"��alack/ghrsa g"��n5~yace�whtzn�k#w�nyoqghrsaGdfx��ynye�tzghrsiG" #�� o�d(bse�ny�sx�aliN��n�a�w
ksnfg r#d ~yaQulnyijbsx�a g�a�eha�u n�Use�whay�UdMo a�dywhtz�st�x�t�g"� u6U�gGi(d �.�>aQ��alksace�dfghac� d�w�ghr#a5dfx��yn�ehtzghr#i
bse�n�ulala��swl�y��rsalk#ula}ghrsa�k#nye�ijdyxsw	n�xmUsght�nykjw	a76�U#alk#ula���tzx�xs�>a�tzkmghaceheZUsb�g�ac� "q��t�k#u a}g�rsa�n�e���ace
tzk5��rstvu{r(ghrsa�ksn���a�bse�ny�sx�ali(w dyeha�w	n�xz~�ac�(��t 2 ale}��alg"��acalk(g�rsa�g"��n iGalghrsn��swc�mghrstvw�ijacdfk�w
ghr#dfg���t 2 ale�alkmg�ksn���a�w���t�xzxUdfx�e�acdy�s�Q�>a whnyx�~yac�M��r#alk/g�rsa t�kmghale�eZUsb�ght�nyk/n�ucu6Use{w ��t�g�whrsn ��w
ghr#dfg�ghrsa�g"��nGiGalghrsn��sw�dfe�a�k#nfg�a�6WUst�~ dfx�alkmg���rsalk5o acd�w	t��st�xztzg"�5u.U�g�w�dyeha���alksace�dfghac��"
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w	r�dfe�tzks� !`��w(tzk�ghr#a/ksn���acw(dfo ghalejg�rsa/�sx�n�u ��� w	g�df��a5i(d � w�d ~yaMw	t��yk#t ��ucdfkmg�dfijn�U#k�g{wGnfo
ijalijnye���"�� oUghrsaGw"g�e�dfghal����nfo�whr#dfe�t�ks�jksn���acw�d o ghace�g�rsa@�sx�n�u ��� w	g�df��a�t�w�u nyk�w	tv��ale�ac�`��ghrsack
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u6U�g{wUw"g�nye�ac��e�acw	ghnye�ac��":��ack#u a���a�ijtz��r�gU��tvw	r�g�n�r�d ~ya d�w]d�ulu6U#e�dfgha�d�w	n�xmUsght�nyk d�w:b>n�w�w	t��sx�a
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w"g�e�dfghac�y�f5,E�Q�&^R637&�>�dyw�g�rsa@w	a76WUsalk#ultzk#� bse�nfg�n�u nyx9�>n�U#k#u a�w�d g�ghr#a��#xzn�u � � w	g�dy�ya�"
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t���Use�a
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	�	�	c��� 	����y����	�
��
U| ��� 	c���y���y� ��� � 	��y�y���y� �
	�	�	c��� 	����y����	�

�]dy�sx�a � �U��e�ny�sx�ali t�k#w	g�dyk#u a�w U#w	a���tzk�gha�w"g{w."

t�k#w	g�dfk�u a5!:�	��� � � �
	����������`�]��r#t�u{r r�dyw d �sx�n�u ��w ehacbse�acwhalkmg�dfght�nyk ! whala"��t�e��ya�alg
dyx�" � ��`o n�e}dj��a�whuleht�b�g�tzn�kQnfoUwhulalk#dyeht�n�w�dfk��Q�sx�n�u ��w}ehacbseha�w	ackmg�d g�tzn�k #B" � w�d�w}u nyk�w	a��
6WUsack#u a���g�rsa�k�Usi ��ace�nyo`e�dyk#��n�i2b#dye�dyija ghace�w���rst�u{rQksala��jghn ��a�w"g�nye�ac��dyeha�ibU#u{r
whi(dfx�xzace�tzk�ghr#a�x�dfg	ghace�uld�w	a�"

• � 1 � � � � � � k(dyw�w	algqxztvdf�st�x�t�g"�@i(dyk#df��alijalkmgUbsehn��sx�ali�o n�ehibUsx�dfgha��@��� ��alijb#w	ghale
alg�dfx���	c���"

• ��� � ��� � � � w	ghn�u{r#d�w"g�t�ujuldyb#dyult�g"�/a ��b#dfk#wht�nyk bsehn��sx�aliG"G�}r#a(�stz���ya�w"g�ijali ��ace
nyo9ghrstvw�o dyijtzx��jt�w�nyksx��<U#whac�(dyw�dfk(t�x�xmU#w	ghe{d g�tz~�a�a �sdyiGb#xza�d g�g�rsa�ack#�(nyo9ghrstvw b�dfb>alen"

• ��� � � � � b�n�e	gho nyx�tzn,i(dfk#dy�yaciGackmg�bse�ny�#xzaci " �}rsa bse�ny�sx�ali t�w/��a�whuleht��>ac���m�

#e�d�Usalk#�snyeho ale}a g�dyx�" ��	c���"

• � ��� � � � � wht�iGb#xza�b�n�e	gho nyx�tzn i(dfk#dy�yalijack�g�bse�ny�sx�aliG"q�}rstvw o dyijtzx��(nfo:b#ehn��sxzaci(w
tvw���a�whuleht���a�� �m� � xzghalk�w"g�ac��g ��	��" �}rsa ��
U| ��� 	c�y���y���.dyk#� �s
| ��� 	c���y�y��� ���
bse�ny�#xzacijw��st 2 ale�t�k�ghrsa@w�dfija��}d ��dyw�ghr#a@!`�	��� � b#ehn��sxzaci(w�df�>n ~ya�"

� x�x9ghr#acwha�ghacw	g�� bse�ny�sx�ali(w�a �sulalb�g�!:�	��� � dfk�����
U| ���Jdyeha�d ~ dft�x�dy�sx�a�~�tvd ghrsa���al��b#df��a
rmg	ghb&� � � �����Y" w"g�nybse�ny��" n�eh� � "��}r#aIw	tedla�w(nfo�ghrsaIghacw	g�� bse�ny�sx�ali(w<U#whac� t�k ghrstvw���nye � dfe�a
�yt�~yack5t�k��df�#xza �"

� 	�� � ��' ��' �+ � $&( ��(
� w�bse�al~�tzn�U#whxz�Gijalkmght�nyksa��9�m��a �#e�w	g�b>aleho nye�iDd@bse�alx�tzijt�k#dfe�� ghacw	g�t�kQn�e��saleqg�n ��alghale�ijtzk#a
��rstvu{r�b�dfe{dfija g�ale{w�dfk#��bse�ny�sx�ali(w�g�n(a ��b�aceht�ijalkmg���tzghrMo Usehghrsace?"�� k�ghrstvw�g�acw	gc�#��a@whnyx�~ya

	 �



���
�

��
�
��
�
� �
� � 	
�
� 

�

�
� � 	
�
��
� � 	

� 

�

��
�
��
��
��
� �
� ��
�

� � 

��
�
� 

��

� � 

��
��
��
� �

��� 	
��
��
�
�

� 

����

� 

���
�

��
���
� �

	 �
�
� � �
� � �
� �
� � � �
 � � � �
� � � �
� � � � � �
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�]dy�sx�a����q�qdfe{dfija g�ale�w	alg	g�tzks�mw U#whac�5tzkMt�kst�g�t�dyx9gha�w"g{w."

dyxzxg�rsa g�acw	g�� bse�ny�sx�ali(w���t�g�r �f�5��t 2>acehack�g�wha g	g�tzk#��w�nfo�g�rsaGwhnyxeU�g�tzn�kIb#dfe{dfijalghale{w?"��}rsa�w	a
wha ghght�ks��w�dfe�a�wcUsiji(dfe�tedlac��t�kI�]dy�sx�a@�s�s��rsaceha@dyk �5t�kMghrsa@g�df�#xza@ija�dfk#w}g�r#d g�dQw	b>acult ��u
n�b�ght�nyk.t�wAU#whac� tzk ghr#dfg�g�acw	g?" � �sx�n�u ��� x�al~yacx]dfg −1

ija�dfk#w�ghr#dfg�ghrsaG�sx�n�u � � xzac~yacx:tvw�g�rsa
whaculnyk#�6ghn xvdyw	g(xzac~yalx\",� k,nye{��aleGghn�ulx�dyehtzo �6dfx�x}ghr#a/nyb�g�tzn�k#wjtzk �df�sx�acwj�#����aMa ��bsxvdft�k
dyxzx�ghr#aQnybsght�nyk#w@o nye ucdywha 	���"/� k�ghr#t�wGuld�w	a��tzo�ghr#a�gha�w"g�� b#ehn��sxzaci=r�dyw$	��Iw	g�df��acwc�:g�rsalk
g�rsaQu.U�g tvw@bsxvdyulac� d g w	g�dy�ya �" � x�x k#n��sacw��>alx�n � ghrsa��#xzn�u � � x�al~�alx U#wha�whr#dfe�ac� !`��wl�Udyw
�sacw�u e�tz�>ac�5acdyehx�tzace?" � x�x9ksn���a�w�dy��n ~�a�g�rsa��sxzn�u � � xzac~yalx
U#whacw}n�ksa�!:��a�dyu{r�"�	 rsack�whnyx�~�tzk#�
g�rsa�bsehn��sx�ali<tzk uldywha 	��#����a�b�ace	o n�ehi<i(d �"n�e:tzghace�dfght�nyk#w:tzk ��rst�u{r w"g{df�ya�w 	 � 	c��dyeha�w	n�xz~�ac� "
� k/dji(d �"n�e}t�g�ale{d ght�nyk:�sw"g{df�ya�w �jdfk#� 	c�jdyeha�whnyx�~yac��g"��t�ulay�#d�w���acw�u e�t���a��5t�kI��acu ght�nyk/�" �"
� kmg�ale{w	b>ale{w	a��(�>a g"��alalk�ghrsa�i(d �"nye�tzghale{d g�tzn�k#w�dfe�a�ijtzksn�e�tzghace�dfght�nyk#wc��tzk5��rstvu{r�xzac~yacx�w 	 ���
dyeha�whnyx�~ya��(ghn(n�b�ght�i(dfx�t�g"��"

�}rsa�e�acwOUsx�g{w�o ehn�iDghrsa�w	a�tzk#t�g�t�dyx�g�acw	g�w�dyeha��yt�~yalk5tzk � bsb>alk���t � � ��t�k5�df�sx�acw � dfk#� �"
� w�i(d �M�>a whalalkIo ehn�i �df�#xza �s��ghrsaju n�iGb@U�g�dfght�nyk#dyx`ght�ijacw�o nye�� !��}� ����~ dfe��Mw	t��ykst��
�

	c�



uldyk�g�xz��"@�}rsaGeha�dywhnyk/tvw�g�r#d g�ghr#aGk#n��sa bse�ny�#xzacijw�o nye�ghr#aGa�dfe�xzt�ale�w"g{df��acw�r#d ~ya i�Usxzght�bsx�a
nyb�g�tzi(dyxUwhnyxeU�g�tzn�k#wl�9dyk#�/g�rsajkWU#i �>ale�nfo i(d �"nye�t�g�ale{d ght�nyk�w�dyehaGw"g�ehn�ks�yx��/��alb>alk#�salkmg�nyk
��rstvu{r whnyxeU�g�tzn�k�t�w@u{r#n�whalk���Use�tzk#�Mghrsa ��e�w	g@t�g�ale{d g�tzn�k nyo}ghrsaQdyxz��nye�t�g�rsiG"Q� o���a�u e�acd g�a
dIksn���a5bse�ny�sx�ali o e�nyi whule�dfg�u{r dyk#� whnyx�~ya�tzgc�qg�rsalk���a5�yalgGd �st 2 ale�alkmg n�b�ght�i(dfx}w	n�xmU
�
ght�nyk u nyijb#dyeha�� ghn.g�d��mt�ks� dfk�dyxze�acd���� w	n�xz~�ac��ksactz��r���n�eht�ks�Ibse�ny�#xzaci���dyx�g�ale�tzk#� tzg(dyk#�
eha�� whnyx�~�tzk#�@"���ack#u a��:g�rsa(k�Usi �>ale nfo�i(d �"nye�tzghace�dfght�nyk#w�i(d �.~ dyeh� tzk dyk;U#ksbse�ac��tvuWg{df�sx�a
��d ���sdfk#�5g�rsa@� !��}� ��� uld�w	a�tvw}ghr#ale�a o nye�a�ksnfg�dj��n�n��5g�acw	g�� bsehn��sx�ali ��rsack/��a���tvw	r�g�n
gha�w"g@��t 2>acehackmg�w	ghe{d g�al��tza�w." �'UsaGghn�g�rst�w�~ dyehtvd g�tzn�k t�k whnyxeU�ght�nyk ght�ijacw�o nye�g�rsa(� !��}� ���
w	alg�nyo�bse�ny�sx�ali(wc�>��aG��tzx�xUksnfgAU#w	ajdfk��Mbse�ny�sx�ali(w�o ehn�i[ghrsaj� !��}� ��� g�acw	g�wha g�o nye�n�U#e
o Usehghrsace}ghacw	g�wc�sa ��ulalb�g�o n�e�d �#k#dfx9t�x�xmU#w	ghe{d g�tz~�a�a �sdfijbsx�a�"


@Usehghrsacehijnye�ay�yo ehn�i �]dy�sxza�w ��� ����a�w	aca�g�r#d g}uldywha 	 �w	acali(wqg�n �>a�ghr#a�nybsght�nyk(��rstvu{r
ijtzkst�ijtmdcacwGg�rsaMeOUskmg�tzija�o nyejijn�w	g�uldywhacw ! ��rsalk�ghrsa/whnyxeU�ght�nyk tvw k#nfg�df�>nyehgha��6��Usa�g�n
~�tzn�x�dfght�ks�Gghrsa�ijalijn�eh��ulnyk#w	ghe{dft�kmg�w #B"q�}rstvw�xza�dy�sw U�w}ghnj�>alx�tzac~ya�ghr�d g�u n�i �st�kst�ks�(df���ye�a �
��dfght�nyk���t�g�rIw	r#dyeht�ks��!:� w��>a g"��alalk/k#n��sacw�t�kMghrsa x�dfghale�w"g{df�ya�w}nfoghrsa@ghe�ala whalacijw�ghn(�>a
��n�e	g�rQt�k�~yacw	ght���dfght�ks�@o U#e	g�rsalen" � w}i(d �(�>a�whalack�o e�nyi �df�#xza�w ��� �Gdfx�ijn�w	g�ksnju n�k �#��Use�d��
ght�nyk#w�o n�e�ghr#a@w	i(dfx�x�ale�bse�ny�sx�ali(w}eZUsk�n�U�g�nyoijalijn�eh������rst�u{rMi(d���acw#U#w�ulnyk#ulalkmghe{d g�a�nyk
ghrsajxvdfe��yace�g�acw	g�� bsehn��sx�ali(w�o n�e�n�Use�o Usehghrsace�gha�w"g�tzks��" ��alk#ulay�`��a ��t�x�xqb�ace	o n�ehi g"��n5k#al�
w	alg�w}nyo]g�acw	g�w��

• 	 a�g�acw	g���t 2>acehack�g�x�al~�alxvwqnfo`dy�y�ye�al�md g�tzn�k`�fu n�i �st�ksac�G��tzghr(�>n�Usk�u t�ks� w	ghe{d ghac�yt�acwo n�ed(whi(dfx�x9kWU#i �>ale�nfoUbse�ny�sx�ali(w?"

• 	 a�ghe��QdGx�dyeh��a�k�Usi ��ace�nfoU��t 2 ale�alkmg�wha g	g�tzk#��w}nfob#dfe{dfijalghale{w�o nye�ghr#a�x�dyeh��ale�ghacw	g��bse�ny�#xzacijw?"

� 	�� � �
�
��$&�
 � '����
� w ijd �G�>a�w	acalkjo e�nyi2ghrsa�bse�alx�tzijt�k#dfe��@g�acw	g�wc�mdyk�df�y��ehac��dfght�nyk nyo ghrsa�g"��n�x�n ��a�w"g�w"g{df�ya�w
tzkGg�rsa�whulalk#dyeht�n�g�ehaca�w	acali(wghn@whrsnyehghack@g�rsa�w	n�xmUsght�nyk ght�iGa���d�wU��acxzxsd�wUxzn ��ale]ghrsa�ijaciGn�eh�
eha76WUstze�ac��" 	 a(a ��bsx�nye�a g�rsa(a 2 acu g�w�nyo�df���ye�al�md ght�nykIo Use	g�rsale���� dy�y��ehac��d g�tzk#�(ghrsa(xvdyw	g �
ghn �Iw	g�df��acwc�Ueha�w	b>acu ght�~yalx��y�Unyo�ghrsa5bse�ny�sx�ali(w 	 � ���#� ���������/dfk#� 	 � ���#� ��� ���s��dyk#�
df���ye�al��dfght�ks�jghr#a xvdyw	g��5dfk�� �Qw	g�dy�ya�w�nyo�!`�	��� � 	��m�f�@"��}r#acwha bse�ny�#xzacijw�dfe�a u{r#n�whalk d�w
ghrsac��r#d ~ya�d xvdfe��ya5k�Usi �>aleGnfo�w"g{df�ya�wl�q�@U�gj�st 2 ale�alkmg(�se{dfk#u{rst�ks� u{r�dfe{dyuWg�ale�t�w	ghtvulw��jghr#a
	 � ���#� � g�acw	g�� uldywhacwUr�d ~ya�d���alacb�ace dfk#�Gijnye�a}k#dfe�e�n ��ghe�ala�ghr�dfkGghrsa�!`�	��� � g�acw	g uld�w	a�"
��d g�rsale]w	i(dfx�xyb#ehn��sxzaci(w`dfe�a�u{rsn�whalk:��d�w9��a ��dyk�g9g�n��>a df�sx�aqg�n�r#d ~yaqn�ksa !`�/b>ale]ksn���aqo n�e
dfx�x�w	g�dy�yacw a �su acb�g g�rsa�xvdyw	g�w	g�dy�ya�"]� k(g�rsacwha�a ��b>ale�t�iGackmg�wc����a[U#wha�d u nyijijnyk�!:� o n�e�ghr#a
x�d�w"g ! b>n�w�whtz�sx�� dy�y�ye�al�md g�ac��#9w	g�dy�ya�� ��rstzx�a}ksn���acwksnygq��acxzn�ks�yt�ks��ghn�ghrsa}xvdyw	gqw	g�dy�ya%U#w	a}n�ksa
!`� acd�u{r�"�}r#a�e�acwOUsxzg�w]o e�nyi�g�rsacwha}a ��b�aceht�ijalkmg�wqdyeha�e�alb>nyehghac� tzkj�df�sx�acw  � 	��" ! � k ghr#acwha
gha�w"g{w���a�iGa�dywOUse�a�g�rsa��}dfx�x#ulxzn�u ��g�tzija�wht�k#u a}g�rsa�wh��w	ghaci ulxzn�u �@tvw�k#nfg�d�ulu6U#e�dfgha}alksn�Us�yr:�
�U�g�dyw�ksnfg�rst�ks�5a �su albsg�n�Use�a ��b�aceht�ijalkmg�w���aceha eOU#k nykIghrsaji(dyu{rst�ksaGd g�ghrsa ght�ijay� ghr#a
ght�ijacw�w	rsn�Usxv�(��a�dyucu6Use{d g�a�alksn�Us�yrjo n�e�n�Use b@Usehb>n�wha�" # � w�ijd �G�>a�whalack(tzk��]dy�sxza�w  � 	��s�
��rsalk xzn�n���t�ks��d g�ghrsaGdf���ye�al��dfght�nyk�w"g�e�dfghal���Q��tz~�t�ks�(ghr#a whrsnyehgha�w"g�g�tzija��>dybsbse�n ��t�i(d g�alx��
�y� � �y��
[nfo�g�rsaQulnyijbU�g�tzks� ght�ijaQtvw whb�ack�gjd g@g�rsaQxvdyw	g w	g�dy�ya�" � x�g�rsn�U#�yr df���ye�al�md ght�ks�
acdyehx�tzace�w"g{df�ya�w}i(d �(�yt�~ya�xzn ��ale�ulnyijbU�g{d ght�nyk�dfx ght�ijacwc�s��a�whala�g�r#d g�g�rsa�b>nfghackmghtvdfx9��dytzk�w
o ehn�i[�snyt�ks�Qwhn(t�w�e�dfghrsace�whijdyxzx\" � ���ye�al�md ght�ks�jacdyehx�t�ale�w	g�dy�yacw�ijd ��rsn ��al~�ale�e�ac��U#ula�ghr#a
u n�iGb@U�g�dfght�nyk#dyx�g�tzija�whb�ack�g�t�k ghrsa}xvdyw	gqw	g�dy�ya��fdywx�dyeh��aleUwcU#�sbse�ny�sx�ali(w��tzx�x�bse�n ~�t���a�ijnye�a

	��



d�ulu.Use�dfghaQwhnyxeU�g�tzn�k#w�o n�e g�rsa5a�dfe�xzt�ale w"g{df�ya�w." ! p/n�eha5dyulu.Use{d gha5w	n�xmU�g�tzn�k#w ghnIg�rsaQa�dfe�xzt�ale
w	g�dy�ya�w�e�acwOUsxzg�t�k ijnye�a e�alx�al~ dfkmg�u6U�g{w���r#alkIg�rsacwhajw	n�xmU�g�tzn�k#w�dfe�a@o ac�Ighn5ghrsaGxvdyw	g�w	g�dy�yay�
��r#t�u{r�b>n�w�whtz�sx��,eha�wcU#x�g{wQt�k d x�n ��ale�k�Usi ��ace5nyo@t�g�ale{d ght�nyk�w." # 	 a.a ��b#xzn�eha/g�rsa a 2>a�uWg
nyo�b#ehn ~�tv��tzk#� g�rsa/x�d�w"g�w	g�dy�ya���t�g�r ijn�eha/dyucu6Use{d g�a�whnyxeU�g�tzn�k#wj��� U#whtzks� g�rsa/��n�Usk#ultzks�
g�acu{rsk#t 6WUsaI��a�whuleht��>ac��acdfe�x�tzaceGt�k ��acu ght�nyk �" �" 	.aIwhala�g�r#d g U#wht�ks� ijd �"nye(dfk��6ijt�ksnye
tzghace�dfght�nyk#w ! whnyx�~�tzk#� dfx�x>�U�g}ghrsa�xvdyw	g�w	g�df��a�g�n n�b�ght�i(dfx�t�g"�jt�kQ�>a g"��alalk5i(d �"nye�t�g�ale{d g�tzn�k#w #
i(d��yacw�ghr#a g�tzija(w	b>alkmg�w	n�xz~�t�ks��g�rsaGacdfe�x�tzace�w	g�df��ale�rst��yrsacec�9dfk��MghrsaGg�tzijajw	b>alkmg�tzk ghrsa
xvdyw	g@w"g{df��aGx�n ��alen" � w dfk a �sdfijbsx�a nyo�g�rstvwl�]��aji(d �Iu n�iGb�dfe�aG�df�sx�acw 	�	Gdyk#� �"j!`a�whw
g�tzija�tvw�whb�ackmg tzkjg�rsa�xvdyw	g w"g{df��ay�ydyk#�GiGn�eha�t�kjghr#a�acdfe�x�tzace�w"g{df�ya�w." � w���a�ijt��yrmg wcU�w	b>acu gc�
�>n�U#k#u t�ks��r#dywUd�b�nmw	tzght�~ya�a 2 acu gn�k@ghr#a�g�nfg{dfx�u n�iGb@U�g�dfght�nyk#dyxyg�tzija}��rsalkGd�xvdfe��ya�k�Usi �>ale
nyoUw	g�dy�ya�w�dyeha�dy�y�ye�al�md g�ac�jg�njdGxvdfe��ya �#k#dyx:w"g{df��a�"

� 	�� 	 $ � �
��� � $ ��(*��( �1� � � � �  ��' ���� + ��'�� $
� k�nye{��ace�g�n t�k�~ya�w"g�tz�md gha�ghr#a�g�e�d���a � n32/�>a g"��alackQijalijnye���dfk��5ulnyijbU�g{d ght�nyk�dfx>ght�ija�o U#e��
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� k�ghrsa�w	a�g�acw	g�wc����a���t�x�x9~ dyeh��ghrsa�o n�xzx�n ��tzk#�Gwhnyx�~yace�b�dfe{dfija g�ale{w �

• �}rsa�x�d�w"gqw	g�df��a���t�x�xsu nyk�w	tvw"gnfo 	 � ��df���ye�al��dfgha���w"g{df�ya�w !�	�dy�y��ehac��d g�ac��w	g�dy�ya ija�dfk#w
ksn(df���ye�al�md ght�nyk

• � �sx�n�u ��� w	g�df��ay��dyw��sacw�u e�tz�>ac��t�k/��acuWg�tzn�k/�" �s��i(d �Q�>aYU#whac�	�stzo�w	n���t�g�tvw�bsxvdyulac�Md g
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nye −4
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ijacdyk#w�d g�w"g{df�ya �jtzoq��a�r�d ~ya�d ���
w	g�df��a�g�ehaca@d o g�ale�df���ye�al�md ght�nyk #W�mehac��dfe{��x�acw�w nyo]rsn ��i(d �Qw"g{df��acw}dfe�a�df�y��ehac��dfghac��"

• �}rsa�k#n��sacw ��alo nye�a(ghrsa�u6U�gGi(d �.r#d ~�a(nyksa5!`�4t�k#w	g�dfk�u a�b>aleGxzac~yacx �Unye nyksa�!`���
t�k#w"g{dfk#ula�a�dyu{r�"U� o`g�rsal�XU#wha�whr#dyeha���!`� w�g�rsalkQghrstvw���tzx�x ��a�i(dfe �yac����t�g�r5dfk 5 � 5mtzk
ghr#a@u nyxeUsijk �	ulnyijijnyk���alo nye�a�u.U�g ��t�kM�df�#xza �@"

• �}rsa�k#n��sacwGd o ghace@g�rsa5u.U�g i(d � r�d ~ya�n�ksaQ!`�Jtzk#w	g�dyk#u aQb�ace x�al~yacx �Un�e whr#dfe�a(nyksa
t�k#w"g{dfk#ula��>a g"��alack wOUs��g�ehacacw?" � ghrst�e{� ulnyi �#tzk#dfght�nyk U�w	a��@tvwghn�w	r#dyeha�!`��� t�k#w"g{dfk#ulacw
�>a g"��alalk@wOUs��g�ehacacwc�ca �su albsg`o nye9g�rsa�xvdyw	g]w	g�df��ay����rstvu{rYU#w	a�w`d�ulnyijijnyk�!`��� t�k#w"g{dfk#ula�"
	 rstvu{r ulnyi �#tzk#dfght�nyk t�w�U#whac� t�wt�k#��tvuld g�ac� ��t�g�rGdyk �@t�k@g�rsa�u nyxeUsijk#w �hw	r#dyeha��@d o g�ale
u6Usg ��dyk#� �	ulnyijijnyk5x�d�w"g�w	g�dy�ya ��tzk/�df�sx�a �@"

• �}rsa�dfx��ynye�tzghrsiDi(d � �>n�U#k#u a���alo nye�a�g�rsa�u.U�gc��whnyx�~�tzks� dfx�x�x�al~�alxvw �>a o n�eha�ghrsa�u6U�g�ghn
nybsght�ijdyxztzg"�I�>a o n�eha�whnyx�~�tzks��g�rsa(xzac~yacx�w��>alx�n �4g�rsaQu.U�g?"Q�}r#t�w�tvw�t�k#��tvuldfghac� t�k ghrsa
u n�xmU#iGk �	��n�Usk#u a�o U#xzx ��t�k/�]dy�sxza ��"

• �}rsaGdfx��ynye�tzghrsi[i(d ���>n�U#k#u a ��acxzn �<g�rsaGu.U�gc�9whnyx�~�tzks�5al~�ale���g�rst�ks���>alx�n �<ghrsaGu6U�g
g"��tvu aj��alo nye�aj�ynyt�ks���#dyu �fUsb g�rsajghe�ala(dy��dft�k�"j�}rstvw�t�w�t�k#��tvuldfgha�� t�k ghrsa�ulnyxeUsijk
�	��n�Usk#u a�x�acdfo 	���tzk/�df�sx�a �@"

� k5ghrsa�w	a�gha�w"g{w���a�a �su xeU#��a�dfx�x ny��~�tzn�U#w	x��jeha���Usk#�#dfkmg�ulnyi �#tzk#dfght�nyk#w ! o n�e}a �sdfijbsx�ay��tzo
��a�r�d ~ya�ksnGu6U�g��m��a���n ksnfg�ksala��jghn@ghacw	g}t�o`�>n�Usk�u t�ks� dfg�ghrsa�u6Usg�� w"g{df�ya�r#dyw�dfk�� a 2>a�uWg #B"
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bse�ny�sx�ali(wc�m��a�dfx���d ��w}df���ye�al�md gha����s�Gnye��(w"g{df��acwc��dyk#�5bsx�d�u a�dju6U�g�dfg�xzac~yalx −1

� −2
nye

−3
��e�acwhb�a�uWght�~yacxz��"

0 50 100 150 200 250 300 350
80

100

120

140

160

180

200

220

240

Memory (Mb)

T
im

e 
(s

)

sfund_100000_b
sfund_100000

a 

b 

c 

d 

e 

f 

g 

h 
i 
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�}r#a�
t���Use�acw�� �
 wcU#iGi(dyehtedla�ghrsa�w	a�g�acw	g�w?"��}rsa�u6Use�~ya�w�tzk�ghr#acwha ����Use�acw}dfe�a�o nye�ijac�
���Ighr#a�eOU#k#w@��rstvu{r�dfe�a(ksnfgG��nyijt�k#d g�ac� ��� dykm�.nfg�rsale whnyxeU�g�tzn�k �ghrstvw@ijacdyk#w�g�r#d g ksn
nfg�rsale�w	n�xz~�ale�u nyk �#��Use{d g�tzn�k/r#dyw��>nfghr.xzn ��ale�ijalijnye��/u nyk�wcUsijb�g�tzn�k dfk�� whrsnyehghace�u n�i �
bU�g{d ght�nyk�dfx�ght�iGa�" �}r#aQe�acwOUsx�g{w i(dye���ac� ��tzghr 5 �*5t�k�ghrsa�w	a��#��U#eha�w u n�ehe�acwhb>nyk#� g�nIghr#a
eha�wcU#x�g{w o n�e�ghrsa@ulx�d�whwht�u�ksacw	gha�� ��ack#��ale{w}��aculnyijb>n�wht�g�tzn�k5dfx��yn�ehtzghr#i���U#wht�ks� �#eha�dy��g�r�� ��e�w	g
w	a�dfe{u{r6dfk��6n�ksa5b#ehn��sxzaci b�aceGght�iGa�� w	g�dy�ya�"�
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ghrsa@whrsn�e	g�acw	g}whnyxeU�ght�nyk5ght�ija�t�w U�w	a�� "��}rsa@u n�k �#��Use�dfght�nyk#w�nfoUw	n�ija�nyo]g�rsa�b�n�tzkmg{w�d g}ghr#a
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� k5n�e��sale�ghnjeha���U#ula�ijalijn�eh��ulnyk#wOUsijb�ght�nyk:��ghrsa�xvdyw	g�g"��nGw	g�dy�ya�w�dyeha�df���ye�al��dfgha��9�mdGu6Usg
w"g{df��a@t�w�bsxvdyulac�Idfg�x�al~�alxU�s�9dfk#� dfx�x�sdfg�dQ��acxzn �<g�rsaGu.U�g�� w	g�df��a tvw�b@Useh��ac�/�>a g"��alack/ghr#a

	 �



���
�

��
�
��
�
� �
� � 	
�
� 

�

��
�
��
�
��
� � 	

� 

�

��
�
��
��
��
� �
� ��
�

� � 

��
�
� 

��

� � 

��
��
��
� �

��� 	
��
��
� �
�

� 

� �
� � �
��

�
��

� � 	
� �
� 	

�

�
��
�� 	
� �
� 	

�

	 � ���#� � ���������
d � � � � ��� � 	c�
� � � � � � ��� � 
u � � � ��� � 	��
� � � � � � � 	c�
a � � � � 	 � 	��
o � � �

�#��� 
U� $ 
d � � � � � � � 	 � �
� � � � � 	 � �
u � � � � 	 � �

�#��� 
 � $ 
� � � � � � � � 	 � �
a � � � � � 	 � �
o � � � � 	 � �

��
U| ��� � 	��y�y���y�����
d � � � � � � � 	 	 � ���
� � � � � � 	 	 � �y�
u � � � � 	 	�� ���
� � � � �"� 	�� ���
a � � � � 	 	 � � �

��
U| ��� � 	��y���y�y�
o � � � � � � � 	 	�� ��	
� � � � � � �"� 	�� � �
r � � � � � 	 	�� ���
t � � � � 	 	� � 

!:�	��� � � ��	������ ���
d � � � � � � � 	� ���
� � � � � � 	  ���
u � � � � �"�  ���

!:�	��� � � ��	������
� � � � � � � �"� 	�� �y�
a � � � � �"� � f�
o � � � � � � 	�� ���

�]dy�sx�a � � � w	acxza�uWg�tzn�k5nyo]ksn�k�� �snyijtzk�d gha��5�]acw	g�� uld�w	a�w�o ehn�i 
tz��Useha�w�� ���"

	 



20 40 60 80 100 120 140 160 180 200
7

8

9

10

11

12

13

Memory (Mb)

T
im

e 
(s

)

sgpf3y7
sgpf5y7

a 

b 
c 

d 

e 
f 


]t���U#eha � �qp/acijnye���~yace�wOU#w�ght�ijay���s����
%"

i(d �"nye�t�g�ale{d g�tzn�k#w." � w��sd g{d�tvw�bU#eh��ac�9�>��a ksala��Mghn�u n�iGb#xzalghalx��/w	n�xz~�a�ghr#a wOUs�sbse�ny�sx�ali
��acxzn � g�rsa�u.U�gqw"g{df�ya tzk al~yaceh��i(d �"n�e:tzghale{d g�tzn�k�":|�w	t�ks��g�rstvwwha gZUsb`� g�rsa�b#ehn��sxzaci�tvww	n�xz~�ac�
tzk  � ���whaculnyk#�sw�U#whtzk#� �����s� ����� ����nfo#ijaciGn�eh� ! �yt�~mt�ks��ghrsa�nybsght�ijdyx�~ dyxmUsa −32.821885

#B"
� wQksnfg�ac�,acdyehx�t�ale�� g�rsaI� !��}� ��� wha gQnyo�b#ehn��sxzaci(w���n�acw(k#nfg5ulnyk#w	ghtzgOU�g�a d u{r#dyxzx�alk#�ya
o nye�ghrsa(whnyx�~yacec�>�U�g�ghr#t�w�gha�w"g�bse�ny�#xzaci[tvw�rsn ��al~yace�t�xzxeU#w	ghe{d g�tz~�a@o e�nyiLdfk#nfghr#ale�b�n�tzkmg�nfo
~�tzac�Y" � ucu n�e���t�ks��g�n �df�sx�a��s��g�rsa�b#ehn��sxzaciDr#dyw 	y� ���
	���	��y�s� ������ehn ��w�dyk#� ��� ��� �� �����s���f���
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	�����nfoUijalijnye��Qwhrsn ��w�ghr#dfg�x�dyeh��a�b#ehn��sxzaci(w}ijd �Q��a@wOU#ululacw�w"o U#xzx��Qwhnyx�~yac�5nykMdjw	t�ks��xza��
bse�n�ulacw�w	n�e�ulnyijbU�g�ale��sdyw}x�nyks�(d�w�uldfe�a�t�w�g{d���alk5ghnjeha���U#ula�e�acwhn�U#e�ula�ulnyk#wOUsijb�ght�nyk "
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	.a r#d ~�a a ��bsx�nye�ac� d�k�Usi �>ale�nfo ghacu{r#kst 6WUsa�wQ��r#t�u{r�ijd �,�>a�U�w	a��,ghn�ghe{dy��a.rst��yrsace
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se�nyi g�rsa@e�acwOUsxzg�w}nfoUn�U#e}ghacw	g�wc�s��a���acxzt�al~�a�ghr#dfg�o nye�whi(dfx�x`dfk#��ijac�stmUsi whtmdca�b#ehn��sxzaci(w
��a5i(d �.n���g�dytzk6wht��ykst���uldykmg ��dytzk�w@t�k6u n�iGb@U�g�dfght�nyk#dyx g�tzija5dfg g�rsaQb#ehtvu a5nfo�d whx�tz��r�g�xz�
rst��yrsaceijaciGn�eh�@ulnyk#wOUsijb�g�tzn�k�"�}r#acwha�w�d ~�tzks�mwUdfe�a�nyosghrsa�i(dy�ykstzgOU#�sa�nyo>� � 
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tz��Use�a ���qp/alijnye���~�ale{wcU#w�g�tzijay� 	 � ���#� � ���������"

g�n g�rsa5ulx�d�whwhtvu��se�acd���ghr�� �#e{w"g tzijbsx�alijalkmg{d ght�nyk�nfo�g�rsa5k#acw	ghac� ��alk#��ace�w ��aculnyijb>n�wht�g�tzn�k
dyxz��nye�t�g�rsiM�y��tzghr5nyb�g�tzi(dfx>df���ye�al��dfght�nyk�"]�}rsa�t�ijbsehn ~�alijalkmg{wq��rstvu{rQu n�k�g�eht��U�g�a�ghn ghrsa�w	a
whrsn�e	g�ale whnyxeU�g�tzn�k�ght�ijacwGt�w g�rsa5whr#dfe�t�ks� nyo�!`� wG�>a g"��alalk6ksn���acw tzk6ghrsaMw�u alk�dfe�tzn/g�ehacay�
ulnyi �stzk#ac� ��tzghr ��t 2>acehack�gj�>n�Usk#ultzk#� w	ghe{d g�al�yt�acw ��rstvu{r6ijn���t�o � 	 tzg	g�ehn�u �15 w o d�w"g�� ��dyu � �
o d�w"g�� o n�eh�}dfe{�Iwha�6WUsack#u t�ks��bsehnyghn�u n�x�"G
Usehghr#ale�iGn�eha��9��ajr#d ~�a o n�Usk#� ghr#dfg@t�g�tvw�b�nmwhwht��sxza
g�n w	n�xz~�aMx�dyeh��a�t�k#w	g�dyk#u a�wjnfo ����� bse�ny�sx�ali(wjnyk,x�tzijtzgha��,r#dfe{���}dfe�ay����� g{d���t�ks� uldyeha�ghn
ulnyk#whale�~ya�u n�ijbU�g�dfght�nyk#dyx9eha�w	n�Use{u acw?"

� k�g�rstvw ��nye � �yg�rsa�eZUsx�acw�nfo`��rsack�ghn b�ace	o n�ehiDi(d �"n�e�dyk#�(ijtzk#nye tzghace�dfght�nyk#w�r#d�w��>alalk
e{d g�rsale�w	t�ijbsxza��mdyk#�j��a���n�Usx��jx�t��ya�g�n�tzk�~ya�w"g�tz�md g�a}ghrsa�w	a�o U#e	g�rsale��yo n�e�t�k#w"g{dfk#ulaTU#whtzk#��ghrsa
�st 2 ale�alk#ulaj��alg"��acalk.ghrsa<Usbsb>ale@dyk#�Ix�n ��ale���n�Usk#�sw�dfg�g�rsajxzac~yacx�w�dfo ghale�g�rsaj�sxzn�u � � xzac~yalx
g�nG�sa ghacehijt�ksa�t�o:�>n�U#k#u t�ks�jw	rsn�Usxv�(n�ulu6U#e?"q
U#e	g�rsale�ijnye�ay�m��a���n�Usx��Qxzt��ya�ghnGtzijbse�n ~ya�ghrsa
b>aleho nye�i(dfk#ula�nyo]g�rsa�w	n�xz~�ale}��rsackQo a�dywhtz�st�x�t�g"� � u6U�g{w�dfe�a���alksace�dfghac��"
	 a��>alx�tzac~ya�ghr#dfg}ghrsa
b>n�nye�b>aleho nye�i(dfk#ulaG��r#alk tzk�o a�dywhtz�#xza�wOUs�sbse�ny�#xzacijw�dyehaGalk�u n�U#k�g�ale�ac�.i(d �I��a(b�dfehghtvdfx�xz�
a ��bsx�dytzk#ac������g�rsaqo dyu g9ghr#dfg:��aqeha?U#w	aUg�rsa !:��� w	gheZU#u gOUse�aqnfomghrsa nyb�g�tzi(dfx�tzg"��bse�ny�#xzaci ��rsack
ulnyk#w	gheZU#u ght�ks��g�rsa@o a�dywhtz�st�x�t�g"� � bsehn��sx�aliG"�� o ��a ��ale�a�g�n5dyw�whn�ult�dfgha d5w	acb#dfe{d g�a�o acd�w	t��st�xztzg"�
!:��� tzk#w	g�dyk#u a}g�n�acd�u{r ksn���a ! o nyeqa �sdfijbsx�a�w	r#dyeht�ks��nyk#a}o acdywht��stzx�tzg"� !`���>a g"��alackjdyxzx#ksn���acw
nyo`d�u alehg�dytzk ght�ija � b�aceht�n���#W��dfk��Gw	ghn�eha�g�rsa�xvdyw	g�nyb�g�tzi(dfx#�#dywht�w�nfo>ghrsa�o a�dywhtz�#tzx�t�g"� � bse�ny�sx�ali
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P
"

�



� 	�� � �����
��( - ��� �3#�� ( �  �
$ ��������+ $ � (
� o���a t�kstzghtvdfx�xz�Ie�acw	ghe�tvuWg�n�Use{w	acxz~�acw�ghn5g"��n�� w	g�dy�ya@~�ale{w	t�nyk#w�nfo�g�rsajbse�ny�sx�ali !�	 #W�9��aGijd �
��a ��ksa�ghrsa�~ dyxmUsa�nyo]g�rsa�eha�u n�Use�wha�b#ehn��sxzaci dyw

g(x0, ξ) :=
ijtzkst�i�U#i
x1∈X1(x0,ξ)

f1(x0, x1, ξ).
! ��#

� kMghrstvw�whacu ght�nyk/��a@u nyk �#ksa�n�U#e�whalx�~ya�w�ghn(i(d���a�eha�w"g�ehtvuWg�tzn�k#w}nfoUghr#a�o acd�w	t��sx�a@w	alg�nyksx��5dfg
w"g{df��a

0
"��alk�u ay� g�rsa ~ dyxmUsa�nfo�g�rsa e�aculn�Use{w	aqb#ehn��sxzaci<t�w:ksnfgU��alb>alk#�salkmgn�k@��rstvu{r�o acd�w	t��sx�a

w	alg�tvw�u{rsnmw	ack�"�|�whtzks� ! ��#���a�i(d �M��a ��ksa�ghr#a ny� �"acuWg�tz~�a�o Usk#u ght�nykIt�k/ghr#a ��a g�ale�ijtzkstvw	ghtvu
a�6WUst�~ dfx�alkmg�bsehn��sx�ali d�w

F (x0, P ) := f0(x0) + � P
ξ [g(x0, ξ)]

! ��#
	 a�o Usehghr#ale ��a �#ksa�dykGn�b�ght�i(dfx#w	g�dy�ya��

0
whnyxeU�ght�nykj��rsack�U�w	t�ks��ghr#a�o acd�w	t��sx�a�w	alg

X
dyk#�

ghrsa�ija�dywOUseha
P
dyw

x∗
0(X, P ) ∈ dfe��yijt�k

x0∈X

F (x0, P ).
! � #


sn�ewhtzijbsx�tvu tzg"����a�d�whwOUsija�g�r#d gghr#t�ww	n�xmUsght�nyk@tvw U#kst 6WUsacxz�@u{r#n�whalk���rsacksal~�ale]ghrsa�nyb�g�tzi(dyx
w	alg�t�w�k#nfg�d(w	t�ks��xzalghnyk "

� kGnye{��ace:g�n 6WU#dykmghtzo ��ghrsa}acehe�nye{w:dyehtvw	t�ks��o ehn�i4u{r#dfk#�yacw]nfo�g"��b�a���dfk#� ����a}tzkmg�ehn���U#ula
ghrsa�ksnyght�nyk#w�nfoKFZ-B*B/\FB3�R6/\3�E�&�-.FBFOE=F dfk#�;L�3M*.R.FO-6/\3mln(�/\3�E�&�-.FBFOE=FB"��}rsa��st�w�u e�a g�tmd�d ght�nykQale�ehn�e�t�w
g�d��yalk5o e�nyi � ��Us� ��	 �� �#dfk#�5tzg�t�w��sa �#ksa��Mdyw

dX(P, P̃ ) := F (x∗
0(X, P̃ ), P ) − F (x∗

0(X, P ), P ).

�}rsa@~ dfxeUsa
dX (P, P̃ )

��acw�u e�tz�>acw�ghrsa xznmwhw}o e�nyi U#whtzks�jg�rsa �#e{w	g�� w"g{df�ya@whnyxeU�g�tzn�k�n���g�dytzk#ac�
��� U#whtzk#�jghrsa@b#ehn��#df�st�x�t�g"�Q�st�w	ghe�tz�@U�ght�nyk

P̃
tzk�w"g�acdy�Mnyo]g�rsa@n�b�ght�i(dfx �#e{w	g�� w"g{df�ya�whnyxeU�ght�nyk "

! �}rstvw�u n�ehe�acwhb>nyk#�sw ghn(dGu{r#dfk#�ya�nfo:g"��b>a �jdy��n ~�a�" # ��nfgha�g�r#d g}ghr#a��st�w�u e�a g�tmd�d ght�nyk5ale�ehn�e
t�w��salb>alk#��ackmg�nyk���rstvu{rQo a�dywhtz�sx�a@wha g�t�wTU#w	a�� "

�}r#a�eha�w"g�ehtvuWg�tzn�k.acehe�nye���tz~�acw�g�rsa�x�n�w�w�o ehn�iBe�acw	ghe�t�u ght�ks�Mghr#a �#e{w"g�� w	g�dy�yaGo acd�w	t��sx�a�w	alg
o ehn�i

X
ghn

X̃ ⊂ X
! d(u{r#dfk#�ya�nfog"�mb>a@�jdf�>n ~ya #B"� g�t�w��sa �#ksa��Mdyw

rP (X, X̃) := F (x∗
0(X̃, P ), P ) − F (x∗

0(X, P ), P );

��� n�b�ght�i(dfx�t�g"������a ��ksn � g�r#d g�ghr#a.e�acw	ghe�t�u ght�nyk acehe�nye5tzk#uleha�dywhacwQiGn�ksnfg�nykstvuldyxzx��,��t�g�r
w"g�ehn�ks�yace�dyk#� w	ghe�nyk#�yale�e�acw	ghe�t�u ght�nyk#w�nyk

X
" ��nfg�a g�r#d g���a ibU#w	g�whb>acu tzo �IUsk���ale���rstvu{r

bse�ny�#dy�stzx�tzg"�(iGa�dywOUse�a�g�rsa�a ��b>acu g�d g�tzn�k#w�dfe�a�g�d���alk�"

@Usehghrsacehijnye�ay�m��a���a ��ksa�g�rsa�ghnfg{dfx>ale�ehn�eqo e�nyiDi(d���tzk#��ghrsa�g"��n u{r#dfk#�yacw�w	t�i�U#x�g{dfksa��

n�U#whx��Qdyw
a(X, X̃, P, P̃ ) := F (x∗

0(X̃, P̃ ), P ) − F (x∗
0(X, P ), P ).

��� dy�s�stzks��dfk�� wOUs��g�e�d�uWght�ks�
F (x∗

0(X̃, P ), P )
tzkGg�rsa}eht��yrmgqr#dfk�� wht��sa}dy��n ~�a���a}w	aca�g�r#d g

ghrsa�g�nfg{dfx9ale�e�nye}i(d ����a�a ��bseha�whwhac�5dyw�g�rsa@wcU#i nfog"��njacehe�nye{w �

a(X, X̃, P, P̃ ) = dX̃(P, P̃ ) + rP (X, X̃).

�



��nfg�a�ghr#dfg���a���tzk�ghr#t�w�a ��bseha�whwht�nyk`��ibU#w"gaU#wha�ghr#a@��t�w�u e�a g�tmd�d g�tzn�k5acehe�nye�ijacdywOUse�ac�!U#whtzks�
g�rsa�e�acw	ghe�t�u ghac�Qo acd�w	t��sx�a�w	alg

X̃
"��}rst�w}ija�dfk#w�g�r#d g���a�ijd �5dyuWgZU#dfx�x����yalg�djwhi(dfx�xzace}ghnfg{dfx

acehe�nyeG����eha�w"g�ehtvuWg�tzk#�Ighr#a5o a�dywhtz�#xzaMw	alg o e�nyi
X̃
ghn

X̄
��d�w x�nyks� dywjdyk6t�k#u e�acd�w	a5tzk6ghrsa

e�acw	ghe�tvuWght�nyk�ale�e�nye�t�w�ulnyijb>alk#w�d g�ac�5�m�5dG�sacu e�acd�w	a�t�k5g�rsa@��tvwhulehalghtedcdfght�nyk�ale�ehn�e
��nygha}o Usehghr#aleqg�r#d g���rst�x�a}ghrsa���tvw�u e�a ghtedcdfght�nykGale�ehn�eU��tzx�xst�k#u e�acd�w	a}ijnyksnyghn�kst�ucdfx�xz����tzghr

w	ghe�nyk#�yale dfk#��w	ghe�nyks��ale�e�acw	ghe�t�u ght�nyk#w@nfo}ghrsaQo acd�w	t��sx�a�w	algc�ghrsa���tvwhulehalghtedcd g�tzn�k ale�ehn�e�r#dyw
k#n ksn wcU#u{r�ijnyksnyghnyk#t�ult�g"� bse�nyb>alehg"��" � gjtvw rsn ��al~�ale@e�acd�w	n�k#df�#xza(g�n.d�whwOUsija�g�r#d g ghrsa
�st�w�u e�a g�tmd�d ght�nyk ale�e�nye���tzx�x ��a�u e�acdywha ��tzghr�w	ghe�nyks��ale�e�acw	ghe�t�u ght�nyk#w�nyk.ghr#ajo acdywht��sxza(wha g��:dyw
d�whijdyxzx�ale�wha g�e�ac��U#ulacw�ghr#aGb>n�w�whtz�st�x�t�g"�Mg�n5a ��b#xzn�t�g�t�iGb>aleho acu ght�nyk#w�t�k g�rsa(whulalk#dyeht�n�g�ehaca�"
��alk#ula�ghr#a�ghnyg�dfx#ale�ehn�e�w	rsn�Usxv�"! k#d�� ~yacxz� tzx�xeU#w"g�e�dfgha���#xzn�n�� dfb#bsehn ��t�i(d ghacxz� xzt��ya}g�rsa�u6U#eh~�a
t�k/
tz��Useha 	�"

X̃ = X X̃ � X

dX̃(P, P̃ )rP (X, X̃)

a(X, X̃, P, P̃ )


t���Use�a 	 ����r#dyks�ya�w�tzk�ghr#a�eha�w"g�ehtvuWg�tzn�k�dyk#�5�st�w�u e�a g�tmd�d ght�nyk5ale�ehn�e?"

� 	�� � �����
��( -.�
� � ��+ ��' 
 ( �  �
$ ����� � + $ � (
	 r#alk���a ijn ~ya ghn ghrse�ala�� w	g�dy�ya.bsehn��sx�ali(wl��ghrsa whtzgOU#dfght�nyk �>aculnyijacw�ijnye�a u nyijbsx�a � "
	 r#alk d�i�U#x�g�t � w"g{df��a w	ghn�u{r#dyw	ghtvu�bse�ny��e�dyijiGt�ks��ijn���acxtvw'U#w	a��9�9tzg�tvwAU#w	a��/t�k.d5ehn�xzx�tzk#�
o d�w	r#tzn�k�" ��ksaQwha g nyo�wht�iGb#xzt���uldfght�nyk#w@nfo}ghrsa�o acdywht��sxza5w	alg dfk#� b#ehn��#df�st�x�t�g"�.iGa�dywOUse�a(t�w
U�w	a���ghn�ny�sg�dft�k@g�rsa �#e�w	g�� w	g�df��a whnyxeU�ght�nyk�"q��k#u a�ghr#a �#e{w	ge{dfk#�snyi<n�U�g{u n�iGa�t�we�al~�acdfx�ac�`� d
k#al� w�u ack#dfe�tzn�g�ehaca�tvw��yalk#ale{d gha��(u n�k#��tzght�nyk#dyxzx�� n�k(ghr#t�w�n�Usg�u n�ijay��dfk#�jg�rsa�w	a�u nyk���w"g{df��a
�sacu tvwhtzn�k tvw(n���g�dytzksa��9�}b�nmwhwht��sxz�PU#w	t�ks� dyksnfg�rsale(e�acw	ghe�t�u ght�nyk nfo�ghr#aMo acdywht��sxzaIwha gn"��}rsa
��e�w	g�� w"g{df��aGwhnyxeU�ght�nyk u x�acdyehx��Itvw�t�k��@Usack#u a��.���/g�rsa�u{rsn�t�ulaGnyo�b#ehn��#df�st�x�t�g"�/ijacd�wcU#eha(dfk��





ghrsa(u{rsn�t�ula nyo�o acd�w	t��sx�a(w	alg�o n�e�ghrsa �#e{w"g��`w	a�u n�k#� dyk#�Ig�rst�e�� w"g{df��acw?" �}rsajw	a�u nyk�� w	g�df��a
w	n�xmUsght�nyk t�w�t�k��@U#alk#ulac� ���/ghr#a �#e{w"g�� w	g�dy�yajw	n�xmU�g�tzn�k`�`g�rsa(bse�ny�#dy�st�xztzg"�Iijacd�wcUse�a(u{rsn�whalk:�
dfk#�.g�rsajo acd�w	t��sx�a�w	alg�o nye�g�rsa�w	a�u n�k#� dfk#�.ghr#tze{� w"g{df�ya�w."$��nfg�ajghr#dfg�ghrsaQwhaculnyk#� w	g�df��a
o acd�w	t��sx�a�w	alg%U#whac�(ghn n���g�dytzkjg�rsa���e�w	g�� w"g{df��a�w	n�xmU�g�tzn�k(i(d � �>a��st 2 ale�alkmg�o e�nyi ghr#a�whacu n�k#�
w"g{df��a@o acd�w	t��sx�aGwha g`U#whac�Mg�n5n���g�dytzk ghrsajwhacu n�k#� w	g�dy�yaGw	n�xmU�g�tzn�k�"�
sn�e�ibUsx�g�t � w	g�df��a bse�ny�
�
xzaci(wl�Ug�rsa�whtzgOU#dfght�nyk �>aculnyijacw al~�alk ijnye�aQulnyijbsx�t�ucd gha��9��dfk�� rsack#u a5��a�df�#w	g�dytzk�o e�nyi
��ale�t�~mt�ks�ja ��bse�acw�whtzn�k#w�o n�e}ghrsa�w	a�acehe�nye{wc�mwha ghghx�tzks�jo n�e�dGxza�whw}e�tz��nye�n�U#w�dfb#bsehnmdyu{r�"

� o���aMxzn�n�� d g(g�rsa/bse�ny�sx�ali !�	 # �}��a/whalaMghr�d g���a/ijd ����a �#k#a/ghrsa/~ dyxmUsa�w(nfo�ghr#a
eha�u n�Use�wha � bse�ny�sx�ali(w eha�u6Use{w	t�~yacxz��d�w

gT (−→x T−1, ξT , X, P ) := min
xT ∈XT (−→x T−1,ξT )

fT (−→x T−1, xT , ξT )
! �fd #

gt(
−→x t−1, ξt, X, P ) := min

xt∈Xt(
−→x t−1,ξt)

(ft(
−→x t−1, xt, ξt)+

� P
ξt+1|ξt

[gt+1(
−→x t−1, xt, ξt+1, X, P )]).

! � � #
	.a%U#wha�ghr#t�w]eha�u6Use{whtzn�k�g�n���a �#ksa ghrsa�ny���"a�uWght�~ya�o Usk#uWg�tzn�k nyomg�rsa}��a g�ale�iGt�kstvw"g�t�u a�6WUst�~ dfx�alkmg
bse�ny�sx�ali d�w

F0(x0, X, P ) := f0(x0) + � P
ξ1

[g1(x0, ξ1, X, P )].
! ��#

� k.ghr#aGb#ehac~mt�n�U�w�whacu ght�nyk dfx�xUale�ehn�e�w�tzk
F
w	ghacijiGa��.o ehn�i ghrsa(bse�ny��df�st�xztzg"�MijacdywOUse�a

U#whac�	� g�rsa o U#k#uWg�tzn�k
g
�}dyw:dyw�wcUsija���ghn��>a}u nye�e�acuWg�xz��w	b>acult ��ac� "]� k d�ibUsx�g�t � w	g�df��a�bse�ny�sx�ali

ghrstvw ucdfkjksn�x�nyks��aleq�>a�gheZUsa���dywqghrsa�u{r#nytvu a}nfo9bse�ny�#dy�st�xztzg"�@ijacd�wcUse�a�dfk#�Go a�dywhtz�#xza�wha g���t�xzx
d 2 acu g

g1
" 	 rsalk/��aYU#wha�ghrsa�o U#k#uWg�tzn�k

F0
g�n(ny��g{dft�kId �#e{w"g�� w	g�dy�ya�w	n�xmU�g�tzn�k`�#��a@whrsn�Usxv�

u{rsn�n�wha�n�Use�e�ac�U#u a���wha g��
X̃
�>dfk#��bse�ny��df�st�xztzg"�Qija�dywOUseha��

P̃
��whnjghr#dfg

g1(x0, ξ1, X̃, P̃ )
t�w

d/�yn�n���dfb#bsehn ��t�i(d ght�nyk nfo
g1(x0, ξ1, X, P )

�qwhtzk#ula�ale�e�nye{w�tzk g�rsa5�sa �#kstzght�nyk6nfo
g1
��t�xzx

tzk���U#u a�ale�e�nye{w`t�k g�rsa ��e�w	g�� w"g{df��a�whnyxeU�ght�nyk�"]� k@g�rsa�whdyiGa o dywhrst�nyk`� acehe�nye{w`t�k
g2
��t�xzx�t�k#��U#ula

ale�ehn�e�w�tzk
g1
"���ack#u a���d g�w	g�dy�ya

t
��g�rsa�w	tedla�nfo`g�rsa�o acdywht��sxza�w	alg}whrsn�Usx���ijdfg�u{rQghrsa 6WU#dfx�t�g"�

nfoghrsa@w�u ack#dfe�t�n g�ehaca ! t�" a�"��sg�rsa�k�Usi �>ale�nyo�#e�dyk#u{rsacw #�d g�g�rst�w�w"g{df�ya�tzoU��a�dfe�a�ghn(ny�sg�dft�k
dyw �yn�n�� dfk6acw	ght�ijdfgha�nfo

gt

d�w tvwGb�nmwhwhtz�#xza�" � wGt�gjt�wjulnyijijnyk�g�nfU#wha�w�u ack#dfe�t�n/ghe�ala�w
��t�g�r6dIr#tz��rsale kWU#i �>aleGnfo��se{dfk#u{r#acw@k#acdfe ghrsa5ehn�nygc�ghrstvw tzk#�st�ucd gha�w@g�r#d g ghrsa5o acd�w	t��sx�a
w	alg�w�whrsn�U#x��5��a@whi(dfx�xzace�dfk#��w	i(dyxzx�ale}o Usehghr#ale���n ��k5ghrsa@w�u ack#dfe�t�n@ghe�ala��st�k5n�e���ace�o nye}ghr#a
o acd�w	t��sx�a�wha g{w�ghn(i(d g{u{rQg�rsa��se{dfk#u{r#tzks�Gnfoghr#a@whulalk#dyeht�n g�ehaca�"

� 	�� � '�(*�1��$ � '��  � '����
� oUghrsaGw	b#d�u a�nyoUb>n�w�whtz�sx�a@n�U�g�ulnyijacw

Ω
t�k !�	 #�df�>n ~ya�tvw�t�k �#kstzgha��#g�rsalk.w	n(tvw�g�rsa k�Usi ��ace

nfo`b>n�w�w	t��sx�a���a�u tvw	t�nyk�w
xT (ξT )

ghr#dfg�ksacac�jg�n �>a�ulnyk#whtv��ale�ac�j��rsackQwhnyx�~mt�ks��g�rstvw�b#ehn��sxzaciG"
� w�iGackmght�nyksa��Idf�>n ~ya�t�k.��a�uWght�nykI�(ghrsaGw	b#d�u a@nyo�dfx�x:b>n�w�w	t��sx�a@e�dyk#��n�iFn�U�g�ulnyijacw�ibU#w	g
��a���tvw�u e�a ghtedla��Qt�k�nye{��ale�ghnji(d���a�g�rsa�bsehn��sx�ali ulnyijbU�g{d ght�nyk�dfx�xz�jg�e�d�uWg�dy�sx�a�"UpIdfk��Q��tvw��
u e�a g�tmd�d ght�nykjija g�rsn��sw�a ��t�w	gc��e�dyks�yt�ks��o ehn�i wht�iGb#xza�n�ksacw�wOU#u{r�d�wqe�dyk#��n�i2w�dfijbsx�tzks��o e�nyi
ghrsa/��tvw	ghe�tz�Usght�nyk ! t�o�ghrsa/��tvw	ghe�tz�Usght�nyk6tvw ��ksn ��k # dfk#�6e�dyk#��nyi w�dfijbsx�tzk#� d�Us�yijalkmg�ac�
��� ~ dfe�t�dyk#u a(e�ac�U#uWg�tzn�k.g�acu{rsk#t 6WUsa�w$! whalaQ��tz��xza ��	��� # �]g�n u n�ijbsxza � w�u{rsalija�w���rsale�ajghr#a
��tvw"g{dfk#ula�o e�nyi ghrsa@��tvw�u e�a ghtedcdfght�nyk

P̃
g�nGghrsa�bse�ny��df�st�xztzg"��ijacd�wcU#eha

P
tvw}ijtzk#tzijtedlac� ! w	aca

� �@Us� ��	��� #6" � ��n�n���n ~yaceh~�t�al� nyo���t 2>acehackmgQwhulalk#dyeht�n g�ehacaM�yalk#ale{d ght�nyk ghacu{r#kst 6WUsa�wjt�w
�yt�~yack5������d�U�g�dfk#� 	 dyxzxvdyula ��	 ��\"

�



� k@g�rstvwU��n�e�����a �sgghrsa�w�u ack#dfe�tzn�ghe�alaKU�w	t�ks��nyb�g�tzijtedcd g�tzn�k`�fdywwOUs�y��acw	ghac�@�m�@� � ��x�dyk#�
dyk#��	 dfx�x�d�u a ��	#�� ��d�w ��n�U���ack���aceh� ��	� �r�dyw o n�Usk#��ghr#t�w:iGalghrsn���g�n�b�ace	o n�ehi���acxzxf��tzghr#n�U�g
�>alt�ks�(n ~�ale�xz��ulnyijbsx�a � "

� 	�� � (*( $ � � + �(*( ( $&+ $&� ��'����
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dyw�bse�acw�u e�tz�st�ks�Qo e�d�uWght�nyk�w�o n�e�dyxzx�#d�w	tvu d�whwha g{w���n�U#x�� �yt�~ya d5w	alg�nfo x�tzk#acdfe�x��M�salb>alk#��ackmg
u n�k#w"g�e�dytzkmg{w."�� k�w"g�acdy��g�rsa �#e{w"g5d�whwha g(��t�xzx�df�#whnye���ghrsaMo Usk��sw�ksnyg5dyw�whtz��ksac�6ghn�nyghrsace
dyw�w	alg�wc��dfk#�5rsalk�u a�d@o e{dyu ght�nyk�nfo

1−∑

i∈Î
cik

��tzx�x`�>a�t�k�~ya�w"g�ac��t�k�ghrsa �#e{w	g}��dywht�u�dyw�w	alg
tzk/wh��k�g�rsa g�t�u�d�whwha g

k
"

��d gZUse�dyxzx��y�`uleha�d g�tzks�Mwh�mkmg�rsa g�t�ujdyw�wha g�w����Idy�#��tzk#��a ��ghe{d5ulnyk#w	ghe{dft�kmg�w���tzx�xqi(d��ya ghr#a
bse�ny�sx�ali�x�dyeh��ale:dyk#��r#dye��sale`g�n�whnyx�~ya�" � wdfk@a �sdfijbsx�ay� ��a ijd ��g�d��ya�d�bse�ny�sx�ali<t�k#w"g{dfk#ula
U#whac��xvd g�ale}t�kQn�U#e�k�Usijale�tvuldfx a ��b>ale�t�iGackmg�w?"� kQghrsa�w	a�����a�r#d ~ya�d ��� w	g�dy�ya�b#ehn��sxzaci ��t�g�r
 dyw�wha g�wQdfk#� �����y��w�u ack#dfe�t�n�w?"�� o���aIU#whaIksn6dye	g�t ��ult�dyx�d�whwha g{wl��ghr#a.whtmdcaInfo�bse�ny�sx�ali
! �#Gt�w(���s�������.e�n ��wGdyk#� ���s� � ��.ulnyxeUsijk#w?" � o���aIdy�s� � dfehght���u tvdfx�d�whwha g�u xvdyw�whacwc��ghr#a
��t�iGack#whtzn�kGnyo ghrsa�b#ehn��sxzaciJt�k#u e�acd�w	a�wghn�� �� ������e�n ��wqdfk#�"	�	��s��������ulnyxeUsijk#w?" ��nfgha�ghr#dfg
ghrsa�dybsbse�n�dyu{r(��tzghrMdy�#��tzk#� u n�k#w	ghe{dft�k�g{w�g�nG�sa �#ksa�g�rsa�x�t�ksacdye}ulnyi �stzk�d ght�nyk�w nyo]dyw�w	alg�w�t�w
ksnfg�alkmght�e�alx���k#acu a�whw�dfe���"�� g���n�Usx��I��aGb�ace	o a�uWg�xz�/b>n�w�w	t��sx�a@g�n U#wha b#ehn��sxzaci ! �#���t�eha�uWg�xz���
wcU#�#w"g�t�gZU�ght�ks�Gghr#a�d�whwha g{w

I
���QdGw	alg�nyo]wh�mkmg�rsa g�t�u�dyw�wha g�w

Ĩ
��acdyu{r5w	��kmghrsalghtvu�dyw�w	alg�r#d ~�t�ks�

bse�t�ulaI��al~�alx�nybsijalkmg
ρ̃t

i

"��}r#a u n�k#w"g{dfkmg�w
cik

��n�U#x�� g�rsalk �>aIU#whac� g�n �yt�~yaMg�rsaIbse�t�ula
��al~�alx�nybsijack�g�nyo:ghr#a@w	��kmghrsalghtvu�dyw�w	alg�w}dyw

ρ̃t
k :=

∑

i∈I

cikρt
i


@Usehghrsace���acxzn ���`��a(w	r#n �4rsn �4g�rsajnyb�g�tzi(dyxq~ dyxmU#a
g(c)

� ��a �#ksac�.��� ! � #  ijt��yrmg���a
��t 2>acehack�g�t�dfgha��/��t�g�r e�acwhb�a�uWg�ghn

c
! Usk#�sale�u ace	g{dft�kIu nyk���t�g�tzn�k#w #B"�� kIghr#a dfxzghacehk�d ght�~ya@o nye��

i�Usxvd g�tzn�k`� ��aMi(d � ��t 2 ale�alkmg�t�dfgha
g(c)

��t�g�r�e�acwhb�a�uWgjghn
ρ̃
dfk��PU#whaM�#dywhtvu5ucdfxvu6UsxeU#w ghn

ny��g{dft�kjghrsa���ale�tz~ dfght�~yacw���t�g�r�eha�w	b>acu g�ghn
c
"q�}rsa�e�acdywhnykG��r�� ��a���n ksnfgKU�w	a�g�rstvw whtzijbsx�t �

�#ac�Go n�ehibUsxvd ght�nykGtvwqg"��nfo nyxv� "U
tze{w"g�xz���fg�e�dyk#whd�uWg�tzn�kGuln�w	g�wq��t�xzx�ksnfg���a�ucdfb�gZUse�ac�ju n�ehe�acu ghx��
tzk g�rsa�e�ac��U�u ac� ijn���alx o nye�i�Usxvd g�tzn�k`�]d�w���a(ijd � w	acxzx �#dywht�u(d�whwha g

i
dyw�b�dfehg@nfo�w	acxzx�t�ks�

w	��kmghr#a ghtvuGdyw�w	alg
k ∈ K

��rst�x�aG�@Us��tzks�Qghrsa(w�dfija ��dywht�uGdyw�w	alg�d�w�d5b#dye	g�nfo�whalx�xzt�ks�Mw	��k��
ghrsalghtvu(dyw�w	alg

k̄ ∈ K
"Q��a�u nyk���xz���`o n�e�tzijbsx�alijalkmg{d ght�nyk e�acd�w	n�k#wl� g�rsaQ��U�dfxq~ dfe�t�dy�sx�acw�o nye

ghrsa�ulnyk#w	ghe{dft�kmg�w !� ��#�dyk#� !��o #�dyehajksnyg@��tze�acu ghx��.d ~ dft�xvdf�sx�a ��r#alk ghrsaQiGn���acx�tvw�w	n�xz~�ac�
U#whtzks� ksacw	gha��$��alk#��ace�w ��aculnyijb�nmw	tzght�nyk:�md�wUghrsa�w	a�u n�k#w"g�e�dytzkmg{w�w	b�dfk(ijnye�a}ghr#dyk�nyk#a�ght�ija
b�aceht�n�� " ��nfg�r5g�rsacwha�u n�k#u acehk#w}ijt��yrmg���a dy�s��e�acw�whac�9�mghr#a �#e�w	g����(o nye�i�U#x�dfght�ks�jnyksx��(ghr#a
�#e{w"g�w	g�dy�yaaU#wht�ks�@a ��bsx�tvu tzg�u n�k#w"g�e�dytzkmg{w���a ��kstzk#��ghrsa�xzt�ksa�dfe d�whwha g ulnyi �#tzk#dfght�nyk#wc��dyk#�Gghr#a
w	a�u n�k#�Q����t�ijbse�n ~mt�ks� ghrsa@whnyx�~yace?"
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�}r#aGb#ehn��sxzaci ! � #�u nykmg{dft�k#w�d�k�Usi ��ace�nyo�b#dye�dyija ghace�w
cik

��rst�u{r ��a ��ksajghrsa(wh��k�g�rsa g�t�u
d�whwha g{w."]� k n�e��sale]ghn���a g�ale�iGt�ksa�d��yn�n�� wha gqnfo�wh��kmghrsalghtvu�d�whwha g{wl� ��a�u nyk�w	tv��ale]ghr#a�n�b�ght�i(dfx
~ dyxmUsa�nfosbse�ny�#xzaci ! ��# g�n��>a�d}o U#k#uWg�tzn�k nfo�g�rsacwha�b#dye�dyija ghace�w:dfk#��o n�ehibUsxvd gha�ghrsa�bsehn��sx�ali
g�n

i(d ��tzijtedla
c

g(c),
! ��d�#

wcU#���"acu g�g�n ∑

i∈Î

cik ≤ 1 − ε k ∈ K,
! �y� #

cik ≥ 0 i ∈ Î , k ∈ K.
! ��u�#

�}r#a
ε
b>alehgOU#eh�#dfght�nyk.t�w�bse�acwhalkmg�ghnMd ~ynytv�/k�Usijale�tvuldfxq��t 4�u6Usxzght�acw?" � o�ghrsaGo e{dyu ght�nyk#w�nfo

cwOUsi2ghn@whnyija g�rst�ks��x�dyeh��aleUg�r#dfk
1
�yghrsa�bsehn��sx�ali !��#U��t�x�x#�>acu n�ija�tzk�o a�dywhtz�#xza���dfk��jt�o ghr#al�

wOUsiBghnMa �sdyu ghx��
1
ghrsa�ulnyk#w	ghe{dft�kmg�w�nfo ! �#���t�x�xq��a�u nyijajx�tzksa�dfe�xz�.��alb>alk#�salkmg?"(� k nye{��ale

g�nId ~yn�t�� ghrsa�w	a�whtzgOU#dfght�nyk#wc�:��a�w	alg
ε
g�n w	n�ija ghr#tzks�/d/uln�Usbsx�a(nfo}nye{��ace�w�nyo�i(df��kstzgOU#��a

xvdfe��yace}ghr#dykMghrsa ijd�u{rst�ksa�bse�acu tvwhtzn�k�" �UalehgOU#eh�st�ks�jg�rsa u n�k#w	ghe{dft�k�g�! ��#}t�kMghr#t�w�o dywhrstzn�kMt�w
a76WUstz~ dyxzack�g�ghnGw	alg	ght�ks�Gd�xzn ��ale ��n�Usk#��nyo

ε
n�k(ghr#a�o e{dyuWg�tzn�k(nfo9g�rsa�d ~ dft�xvdf�sx�a�ijacdyk#wqg�r#d g

tvwqt�k�~yacw	gha��@t�kGghrsa �#e{w	gqd�whwha g��ywhnyija g�rstzk#��g�r#d gq��t�xzx#r#d ~ya}d�iGt�ksn�eqtzijb#d�uWg�nykGn�U#ee�acwOUsxzg�w
d�w}xzn�ks�(dyw

ε
tvw�whi(dfx�x�"

��nygha ghr#dfg�g�rsaG~ dyxmU#acw�nfo
c
dyeha u nyk�w	tv��ale�ac�/ghnQ�>aGb#dfe{dfija g�ale{w�t�k ! � #��@U�g�~ dyehtvdf�sx�acw

t�k ! ��#6"q� k5n�e��sale�ghnGnyb�g�tzijtedla ! � # ��tzghrMd �ye{dy��t�alkmg���acw�u ack�g}ija g�rsn��9����a�ksacac��ghn(��t 2>ace��
ackmghtvd gha

g(c)
��tzghr e�acwhb�a�uWg�ghn

c
�`ghr#dfg@t�wc�]��t 2 ale�alkmghtvd g�a g�rsa(nybsght�ijdyxq~ dfxeUsajnfo ! ��#���tzghr

e�acwhb>acuWg ghn u{r#dyks�ya�w�ghnIacxzacijalkmg�w�t�k ghr#a5u n�k#w	ghe{dft�k�g�i(d g�eht�� " � w�tvw@ksnygha�� tzk ��dfkmgOdctz�
dyk#�M�}r#dfb�d�� ��:t�kI��acu ght�nyk �" �s�sdj��aceht�~ d ght�~ya�nyo:ghr#a�nyb�g�tzi(dfx:~ dyxmU#a�o n�e}ghrsa�b#ehn��sxzaci

iGt�kst�ijtmdca
z = dtx,

!�	��yd #
wcUs� �"acuWg�g�n

Ax = b,
!�	��f� #

x ≥ 0,
!�	c��u�#

��tzghrMe�acwhb�a�uWg�g�n g�rsa�i(d g�eht��5u n�a 4(ultzackmg
Aij

tvw}�yt�~yack5���

∂z∗

∂Aki

= −π∗
kx∗

i ,

wOUs���"a�uWgUghn�u ace	g{dft�k ksn�k�� ��al��alksace�d�u ��u n�k#��tzght�nyk#w?":� k ghrstvwUa ��bse�acw�whtzn�k`�
x∗ dfk�� π∗ ��acksnfg�acwg�rsa�nybsght�ijdyx`bse�tzi(dyx`dfk#����U#dyx`w	n�xmU�g�tzn�k�whnyxeU�g�tzn�kQg�n !�	c� #W��e�acwhb�a�uWg�tz~�alx���"

� kIn�e���ace�ghnQnyb�g�tzijtedla ! ��#���a U#wha d(��e�d���t�alkmg�bse�n �"acu ght�nyk/dfb#bsehnmdyu{rMu n�i �st�ksac�M��tzghr
dyk � ehijt �"n�w"g�alb�� xzacks�fg�r�eZUsx�a ! whala ��alehg�wha�� dyw � �� # dyk#�6ghale�ijtzk�d ghaM��rsack ghrsaMksn�ehi nyo
g�rsa�bse�n �"a�uWgha�����e�d���tzackmg�nyo

g(c)
o dfx�x�w}�>alx�n � dju ace	g{dft�k�g�rseha�w	r#nyxv� "�	.a�n���g�dytzkQghrsa�~ dfxeUsa

nyo}ghrsa���e�d���t�alkmg�o ehn�iBg�rsa�a ��b#eha�whwhtzn�k#w�df�>n ~ya�"Q� k�n�e���ace�ghn.d ~ynytv�.��actzks�.uld=U#�yrmg@tzk d
x�n�uldyx9iGt�kst�i�UsiM��g�rsa�nybsght�iGtedcdfght�nyk�bse�n�ulac��U#eha�tvw}eha�w"g{dfehghac�Qo e�nyi dGk�Usi �>ale�nyoe{dfk���nyi
b>n�whtzght�nyk#w?"
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� w�ijack�g�tzn�ksac�.bse�al~�t�n�U#whxz���`��a(��n�Usx��.x�t���ajghnMa ��bsx�nye�aj��rsa g�rsale dy�y��ehac��d g�tzk#�Qdyw�w	alg�w�t�k
��t 2>acehack�g}�}d ��w�r#d�w�dGw	t��yk#t ��ucdfkmg�t�ijb#dyu g�n�k�g�rsa�b�ace	o n�ehi(dfk�u a�nyo:n�U#e�ijn���alx ����rsack�ghr#a
ny��g{dft�ksac� w	n�xmU�g�tzn�k#w�dfe�a dfb#bsxzt�ac�Ighn�n�U�g�� nyo � w�dfijbsx�a w�u ack#dfe�tznmw."��}rsa 6WUsacw	ght�nyk#w���a b>n�wha
dfe�a �

• � o}��a(e�ac�U#u aGghr#a(kWU#i �>ale�nfo�dyw�wha g�w�dyxzx�n ��a��/o n�e�ghe{dy��t�ks�#�:rsn �Ji(dfk�� wh��kmghrsalghtvu
d�whwha g{w�dfe�a�dybsbse�nybse�tvd gha��

• 	 rsack�dyw�w	alg�w�dyeha/dy�y�ye�al�md g�ac� t�kmghn���tv��ale5u xvdyw�w	a�wl�}w	r#n�Usxv��ghrsa dy�y��ehac��d g�tzn�k �>a
dybsbsx�tza��Qo n�e�dfx�x`w"g{df��acw}nye�whrsn�U#x��5ghr#a �#e�w	g�w"g{df��a��>a�a �su xeU#��a����

• � o}��aje�ac��U�u aGghrsa(k�Usi ��ace�nfo}dyw�w	alg�w���� df���ye�al�md ght�nyk:�>whrsn�U#x�� ghrstvw�e�ac��U�uWght�nyk �>a
i(dy�sa�d�w]d�b#dfehghtzght�nyk#tzks��� nyeUw	rsn�Usxv�@d�wht�ks�yx�a�d�whwha g��a}dfx�xzn ��ac��g�n��>alx�nyk#��g�n�whal~yace�dyx
ulx�d�whwhacw}nyodf���ye�al�md gha�dyw�w	alg�w��

• 	 rsack ��ajdfe�aGdy�y��ehac��d g�tzk#��dyw�w	alg�w�tzkmg�n�wh��k�g�rsa g�t�ujd�whwha g{wl�`��n���aG�>alk#a �sg@whtz��kst ���ucdfkmghx��Go ehn�i U�w	t�ks��g�rsa�b#ehn�u a���Use�a���a�whuleht���a��jtzkM��acu ght�nyk ��" � u nyijb#dyeha�� ghn wht�iGb#xz�
U#wht�ks��pIdfe �yn ��tzgOd 5 w�ija g�rsn����

� k�g�rsa@w	a�u n�k#� 6WUsa�w"g�tzn�k5��a�nyksx��Qulnyk#wht��sale}a ��alijb�g�tzk#�Gn�ksa�w"g{df��a�o e�nyi ghrsa�e�a�6WUst�eha��
ijalkmgUghn�tzk�~�acw	gt�kGghrsa}x�tzksa�dfequ n�i �st�k#dfght�nyk#w?"]�}rsa}e�acd�w	n�k�o nye U#wht�ks��x�t�ksacdye�u nyi �st�k#d g�tzn�k#w
t�wGg�n.b#ehac~yalkmgGghrsa/w	ghn�u{r#d�w"g�t�u5bse�ny�ye{dfijijt�ks� whnyxeU�ght�nyk�o ehn�i u{r#dywht�ks�.whbUse�tzn�U#wGbse�n �sg{w
bse�acwhalkmg�nyksx�� t�k ghrsa�w�u ack#dfe�tzn5ghe�ala��:e�acwOUsxzght�ks�Mtzk �#d�� whnyxeU�g�tzn�k#w���rsalk g�rsajo Usx�xKUsk#�sale��
xz��t�ks�Ie{dfk#�snyi ��t�w	ghe�t��U�ght�nyk6t�wGu n�k#w	tv��aceha�� "I� k�g�rsa�w�u ack#dfe�t�nMghe�alacw�U#whac��t�k g�rst�w ��nye �
dyw���alx�x]d�w�t�kInfg�rsale{w ! whala�o n�e�t�k#w	g�dfk�u a ��alijb#w	ghace�dfk��/��n�k#whtz��xzt �   � dfk#�M��� ��xvdfk#�/dyk#�
	 dyxzxvdyula ��	��� #W��ghrsa �#e�w	g�w	g�dy�ya@r#d�w�djxvdfe��yace�k�Usi �>ale�nfoq�se{dfk#u{rsa�w}ghr�dfkMghr#a e�acw	g�nfoUghr#a
whulalk#dyeht�n�g�ehaca�"q�}rsa �#e{w"g}w"g{df�ya�tvw���tz~�alkQd �ye�acdfghace k�Usi �>ale}nyo:�se{dfk#u{rsa�w�d�w�g�rsa���acult�wht�nyk
i(dy��a�tzk5ghr#t�w�ksn���a���t�xzx �>aAU�w	a��9����rst�xza�ghrsa�n�ksxz�(~ dyxmUsa�nfow	n�xmU�g�tzn�k#w�tzk�xvd ghace�k#n��sacw}dfe�a
ghrsa�a 2>a�uWg�g�rsacwha@whnyxeU�ght�nyk#w}r�d ~ya�nyk5ghrsa �#e�w	g�w"g{df��a�"��}rstvw�ijacdyk#w}ghr�d g�ghr#a ����w	n�xmUsght�nyk
w	r#n�Usxv�6r�d ~ya/d xzn ��aleGghack#��ack#u �6ghn�u{r#dywha/w	b@Useht�n�U�w b#ehn �sg�wjt�k ghrsa �#e{w	gQw"g{df�ya�nfo�ghr#a
whulalk#dyeht�n ghe�alay�sdyk#�5rsalk#ula�ghr#dfg�t�g�i(d ��b#ehn ~�a��>alksa ��u tvdfx9k#nfg�ghnje�acw	ghe�t�u g}ghr#dfg�w"g{df�ya�"
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� k n�e���ace�g�n/dfk#wh��ace�n�Use 6�U#acw	ght�nyk#wc�9��aju n�k#w	gheZU#uWg�dQijtvu e�n�� ��n�ehxv�9�>tzk.��rstvu{r g�rsale�a a � �
t�w	g�w nyk#xz� Mdyw�wha g ulx�d�whwhacwc�U��rst�u{r dyeha�ghn �>a U�w	a�� ghn uln ~yace@nyksa5eha�w	aceh~�ajeha76�U#tze�alijalkmgn"
�}rsa�u nye�e�alxvd ght�nyk�w dfk���a ��b>acu ghac�Q~ dfxeUsacw�o nye�ghr#acwha�d�whwha g{w�dyeha��yt�~yalk5tzk��]dy�sx�a �jdfk#���@t�k
� bsb>alk���t � � "��}rsa�u n�ehe�alxvd g�tzn�k#w�dfe�aGg�d���alk.o ehn�iBe�acdyx � ��n�ehxv� �#d g�d�nyo�����ac�st�whr�dyw�w	alg�wc�
��rsale�acd�w`g�rsa}ijacdfk�wdyeha�dy��� U�w"g�ac�9�yd�w]ghrsa�e�dfghrsaceqw	rsn�e	g�!�	�����acdfe�� 	����y���s�f���y��#>�sdfg�d�whdyi �
bsx�a'U#whac�Qr#dy��rstz��rsale���tzacx��#w g�r#dfk5a ��b>ale�tzack#u a�tzk#�st�ucd gha�w�dyeha�eha�dywhnyk#dy�sx�a�" ! 
sn�e�t�k#w	g�dyk#u a��
����ac��tvw	r w	ghn�u ��w���t�alxv��ac� dfk d ~yace�dy�ya@nyo 	 � 
[b>ale���acdfe���Use�t�ks��ghrsa(b>ale�tzn�� 	����y���s�f���y�s�
tzk ulnykmghe{dyw	g�ghnMg�rsa�x�nyks��ghacehi ~ dfxeUsa(nfo �"�� 
 o nye�g�rsa�b>ale�tzn�� 	���	�� � 	����y��d�w��yt�~yack �m�

se�alksk��>ale��Gdyk#�M��dyk#whwhnyk5tzk ��	c���" #

	��




sn�e�ghrstvw�w	gOU#�����:��a(dyw�wcUsija ghr#dfg�ghrsa�d�whwha g{w�dyk#� ghrsaje�acwhale�~yacw�r#d ~�aGd��"nyt�kmghx��Ix�ny���
k#nye�ijdyx`��tvw"g�eht��U�g�tzn�k�" ! �}r#t�w�d�whwOUsijb�g�tzn�k�whale�~ya�w�ghrsa�bU#ehb>n�wha�ghn�whtzijbsx�t�o �Qghrsa@w�u ack#dfe�t�n
��alksace�dfght�nyk5bsehn�ulacw�w." #
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	 � kInye{��ace�ghn5eha���U#u a@ghrsaGw	bU#eht�n�U#w���t 2>acehack#u a�w��>a g"��alack
�st 2 ale�alkmg@ija g�rsn��sw�uld�U#w	a�� ���I��dy��x�� whb�a�u t��#ac� w�u alk�dfe�tznQghe�alacwc�`��ajnyb�g�tzijtedlajghr#a g�ehacacw
g�n �sg�ghrsaGw"g{d g�t�w	ghtvuldyx:bse�nyb>alehght�acw�nyoqghrsabUsk#��acehx���tzk#�Q��tvw"g�eht��U�g�tzn�k�"��}rstvw �sghght�ks��t�w���nyksa
U�w	t�ks� pIdfghxvdf�`�m�yt�~�tzk#� U#w d@x�dyeh��a�w	alg�nfo9n�b�ght�ijtmdcac��wha g�nfo9n�U�g{u n�iGa�w���tzghr$�m�s���f�s� 	��#� 	��
dyk#� �@ijaci �>ale{w."
	 rsalk�ghrsa�kWU#i �>ale�nfo`��acw�u ack#�sdyk�g{w�tvw�xvdfe��yaceqghr#dyk�nye a�6WU#dfx#ghn 	��s����a
�#g�ghr#a o n�Use�x�n ��a�w"g�ijn�iGackmg�wc�>d�w���alx�xd�w�ghr#a u n ~ dyehtvdfk#ulacw}�>a g"��alack/ghrsaGdyw�w	alg�w?" 	 rsalk
	��j��acw�u ack#�sdfkmg{w�dfe�aAU�w	a��9��ghr#a�ghrse�ala�x�n ��a�w"g}ijnyijalkmg{w�dfk#�Qghr#a u n ~ dfe�tvdfk#ulacw�dfe�a �#g	gha�� "
	 tzghr.nyksx��"�Q��acw�u ack#�sdyk�g�ksn���acwc�#g�rsa�g"��n�x�n ��a�w"g�ijn�iGackmg�w�dyeha �#g	gha�� " � ghe�ala@tvw�g�rsalk
ulnyk#w	gheZU#u ghac���m�Ge{dfk#��n�ijxz�Gbstvu �mt�ks��o e�nyi g�rsacwha�wha g{w nyo n�U�g�ulnyijacwc��ghn ��alksace�dfgha�d�ghe�ala�nyo
g�rsa���acwht�eha���w	tedla�"U� o]��a�dfe�a�g�n r�d ~ya�ijn�eha�ghr#dyk ��� �se{dfk#u{rsa�w t�kQn�ksa�ksn���ay����a�ulnyi �#tzksa
dGk�Usi ��ace�nfowha g{w}nfoUnyb�g�tzijtedla��Qn�U�g�ulnyijacw?"�	.a�i(d ��whtzijbsx�t�o �Qghrsa@w�u ack#dfe�t�n �yacksale{d g�tzn�k
b#ehn�u a�whw�t�kQg�rst�w�o d�w	rst�nyk�w	t�k#ula���a�d�whwOUsijac��ghr#dfg�g�rsa���t�w	ghe�t��U�ght�nyk5nfo`g�rsa�dyw�w	alg���t�alxv�sw�t�w
w	g�dfght�nyk#dyeh����dfk#��rsack#u a�ghr�d g�ghr#t�w��st�w	ghe�tz�@U�ght�nyk/��n�acw}k#nfg�u{r#dfk#�ya�o ehn�i ksn���a�g�nGk#n��sa�"

� ����� � 	�� � ��8 ��� �
	�4 � ;���`:�6 � ��	U4 � k nye{��ale(g�n�gha�w"g5��rsa g�rsaleQghrsaceha/tvwQd wht��ykst���uldykmg
�st 2 ale�alk#ula��>a g"��alack5��t 2 ale�alkmg}d�whwha g}df���ye�al��dfght�nykjija g�rsn��swl����a�ulnyk#�U#uWg}ehn�xzx�t�ks� rsn�ehtedln�k
wht�i�Usxvd g�tzn�k#w."U� k�e�nyx�x�tzks� rsnye�tedlnyk�wht�i�Usxvd g�tzn�k#wl�mg�rsa�a 2>a�uWg}nfo]d�uWgZU#dfx�xz�<U#wht�ks�@g�rsa�n�b�ght�i(dfx
whnyxeU�g�tzn�k nfo�n�Use � !]p bse�ny�#xzaci[tvw�tzk�~�acw	ght���d g�ac�9�^U#wht�ks��wht�i�Usxvd g�ac� w�u ack#dfe�t�n�w?"�� k.ghrsa�w	a
wht�i�Usxvd g�tzn�k#wl���a U#whaQd�ght�ijaQrsn�ehtedln�k nyo �I�ya�dfe{w."��}rsa�bse�n�u acw�w���nye ��w��m� �yacksale{d g�tzk#�
d k�Usi ��ace(nfo�gha�w"gQw�u ack#dfe�tznmw�U#w	t�ks� e{dfk#��n�i w�dfijbsx�tzks� o e�nyi ghrsaI��tvw	ghe�tz�Usght�nyk,nfo�ghrsa
e{dfk���nyi b#dfe{dfijalghale{w?"]
sn�e�acd�u{r(nfo ghr#acwha�w�u alk�dfe�tznmwl�f��a�dybsbsx�� g�rsa�o nyx�x�n ��tzks� bsehn�ulac��Use�a �
������alg

t = 0
dyk#�5�ynGghn(w	ghalbI�"

	 ��|�wha�ghr#a whdyijbsxza�� b�d ghrMdfk��Qg�rsa w	g�dfgha�nfoghr#a u n�iGb�dfk���� U#w	g�d o g�ale�g�rsa@��a�u tvw	t�nyk/d g
ght�ija

t−1
ghn@��alksace�dfgha�ghrsa�w"g{d g�a�nfo ghr#a�u n�iGb�dfk�� � U#w	g��>a o n�eha�d���acult�whtzn�k(t�w i(dy��a

d g}g�tzija
t
"

� ��|�wha�ghrsa�w"g{d g�a�nyo`ghrsa���nye�x��(nyo`ghr#a�u.Use�ehack�g}whdyijbsxza�� b�d ghr5d g�ght�iGa
t
g�n ��alksace�dfgha�d

w�u alk�dfe�tzn�g�ehaca�"q�}rsa�xzacks�fg�rQnyo`ghrsa�w�u alk�dfe�tzn�g�ehaca�tvw}dy�sdyb�gha��jghnGxvdyw	g�g�n@ghr#a�ack#��nyo
ghr#a@w	t�i�Usxvd g�tzn�k�"

������b�g�tzijtedlaIn ~�ale(g�rsaIg�ehacay���yacksale{d g�tzk#� d ��acult�wht�nyk,o nyeQghrsa u n�iGb�dfk���dfgQght�ija
t
"

|�wha�ghrstvw���a�u tvw	t�nyk5ghn��sa ghacehijt�ksa�ghr#a@w"g{d gha�nyo]g�rsa@u n�iGb�dfk���d o g�ale�g�rsa@��acult�wht�nyk�t�w
i(dy��a�dfg�g�tzija

t
" �mg�nye�a�t�k�o n�ehi(d g�tzn�k5nyo:g�rsa@w"g{d g�a�nyo:g�rsa�u nyijb#dyk���� U#w	g�dfo ghace}ghrsa

��a�u tvw	t�nyk�"
���}� o

t < T
ghr#alk/w	alg

t := t + 1
dyk#���yn ghn

1
"

� ��|�wha(g�rsa5w	ghn�eha�� w	g�dfgha�w@nfo}g�rsa5ulnyijb#dfk�� ghn ��alghacehijt�ksa(ghnyg�dyx b>alk#dyx�g�tza�w dfk�� ghrsa
ghacehijt�k#dfx ~ dfxeUsa�nfo]ghrsa�ulnyijb#dfk����m��r#t�u{rMdfe�a'U�w	a��(ghnjac~ dyxmU�d gha�ghr#a@wcU#ucu a�whw�nfo:ghrsa
w�u alk�dfe�tzn�"

	#�



�}r#a5~ dfxeUsa�nfo�d w�u alk�dfe�tznItvwj��a ��ksac�6�m� g�rsa5ghnfg{dfx�dyw�wha g ~ dyxmUsaMd gGghr#a�ack#� nyo�ghr#a
w	t�i�U#x�dfght�nyk`��o e�nyi ��r#t�u{rM��a��sac��U#u g�dfx�x9b�ack#dfxzght�acw�tzk#u.Use�eha��5��U#eht�ks�Gghrsa��}d ��"

� kjw	ghalb(��df�>n ~yay� ��a}w"g{d gha��@g�r#d gUg�rsa}xzacks�fg�r nyosghrsa�w�u ack#dfe�t�n�ghe�ala}whrsn�Usxv� ��a�dy�#dfb�g�ac�
ghn�ghrsa�ehacijdytzk#tzks��xzacks�fg�r@nfo�g�rsa�w�u ack#dfe�t�n@"9� k@n�e���ace`g�n�e�ac��U#ulaqghr#a�x�alks�yghr@nyo�ghrsa�whulalk#dyeht�n
ghe�ala�����a e�alijn ~�aUghrsa�x�d�w"gUw"g{df��a dfk#�@tzk#uleha�dywhaUghrsa�k�Usi �>alenfos�#e�dyk#u{rsacw:tzk@ghrsa �#e�w	gw	g�dy�ya��
�yacalbst�ks�Gghrsa�k�Usi ��ace�nfoUwhulalk#dyeht�n�w}u n�k#w	g�dfkmgn"

�}r#a�ija ghr#n��#w dfe�a}gha�w"g�ac�jn�kj���y����w�u ack#dfe�t�n�wc� o nye � b�aceht�n��swqnfo g�tzija�"q�}rsa�ghe�alacwhU#w	a��
r#d ~ya ���m�y��w�u ack#dfe�tznmwl�9dyk#�/g�rsaGo n�Use�b>ale�tzn��/g�ehaca �#e�dyk#u{rsacw 	��#� 	c�s��	��s� ����t�g�r whrsnyehghace
ghe�ala�w:��alksace�dfghac��d�w:b#ehac~mt�n�U�w	x�����acw�u e�tz�>ac��":� k n�e��sale`g�n�acxzt�ijtzk�d gha�e{dfk#��n�i�ulnykmghe�t��U�ght�nyk�w
ghn g�rsaI��t 2>acehack#u a�w(tzk,b>aleho nye�i(dfk#ula5�>a g"��alack ijalghrsn��swc��ghrsaIw�u ack#dfe�tznmw�U#w	a��,dfk#��ghr#a
whulalk#dyeht�n ghe�alacw U�w	a��5dyeha�tv��alkmghtvuldyx9tzk/dyxzx`ucdywhacw?"
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dln�k.whtzibUsx�dfght�nyk`�`ghrsaje�acwOUsx�g{w�nfo�d�whtzks��xzajija g�rsn�� ��t�x�xq~ dyeh�/��eha�d g�xz�/�>a g"��alack.��t 2>acehackmg
gha�w"g@w�u alk�dfe�tznmw." � k.n�e���ace�ghn/u n�iGb>alk�whdfgha o nye�ghr#t�w���tvw	gOUse��#dfk�u ay�:��aj��t�xzx�ulnyijb#dfe�aj��t�o �
o ale�alkmg@ija g�rsn��sw�nyk�d/w�u ack#dfe�tzn5ghnIw�u ack#dfe�t�n���dywht�w?"��:nMo U#e	g�rsale@e�ac�U#u ajg�rsa(ale�ehn�e�wc�`��a
��tzx�x
U#w	a�dfkmghtzghrsalghtvu�w�dfijbsx�acw�o nye n�Useqg�acw	g�w�u alk�dfe�tznmwl�mdfk#�jrsack#u a���a���tzx�x�ulnyijb#dfe�a���t 2 ale��
alkmg}iGalghrsn��sw�����u n�iGb�dfe�tzks�@ghrsactze���t 2>acehack#u a�tzk5b�ace	o n�ehi(dyk#u a�n ~�ale�d b#dytze�nfo:dykmghtzghrsalghtvu
whulalk#dyeht�n�w?"q��tzk�u a�ghr#a@��t 2 ale�alk�u a���alg"��acalk�ghr#a@��t 2 ale�alkmg�ija g�rsn��swaU#whac��tvw}e�dfghrsace�w	i(dfx�x �
��a(acijbsxzn � dI� � ghacw	g@g�nI��a g�ale�iGt�ksa�tzo}ghrsa5ijacdfk���t 2 ale�alk#ula���alg"��acalk g"��n/iGalghrsn��sw t�w
w"g{d g�t�w	ghtvuldyxzx�� whtz��kst���uldyk�gn"]��alk#ula���a ��e�w	g�d ~yace�dy�ya�n�Use�e�acwOUsxzg�wqn ~�aleUg�rsa�dfkmg�t�g�rsa g�t�u}b#dytze{wc�
dfk#��ghrsack�dybsbsx���d b�dft�eh��tvw	a�� � ghacw	g�ghn ghrsa�e�acwOUsx�g�tzk#�Gw�dfijbsx�acwc��tzk�nye{��ale�ghnj��alghale�ijtzk#a�tzo
ghrsa�ny�#whale�~ya�� ��t 2>acehack#u a�tvw w	g�dfghtvw"g�t�ucdfx�xz� w	t��ykst���ucdfkmg?"U�}rsa}gha�w"g�w"g{d ghtvw	ghtvuld�e�alb>nyehghac� t�k�dfx�x
g�dy�sxza�w tvw�ghrsa�bse�ny�#dy�st�xztzg"�jnfo:��a g	g�tzk#� d@xvdfe��yace���ac~�t�dfght�nyk(o e�nyi

0
ghr#dyk�ghr#a�n�ksa�n���g�dytzk#ac�

tzkMg�rsa�g�acw	gc�>�yt�~yalk�g�r#d g�g�rsa�g"��n(ija ghr#n��#w��yt�~ya�g�rsa w�dfija�ijacdyk/~ dfxeUsay��al~ dfxeU#d g�ac��n ~yace
ghrsa@ulnykmght�k�Usn�U�w�e{dfk���nyi �st�w	ghe�tz�@U�ght�nyk�"
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� dfe�x�tzaceq��a}r#d ~�a}�sacw�u e�tz�>ac� ��r�� tzg�iGt��yrmg��>a���acksa �>u tvdfx�g�n�eha���U#u a�g�rsa�k�Usi �>ale�nyo>d�whwha g{w
rsalxv��tzkIdyk/dyw�w	alg}x�tvdf�st�xztzg"�Qb#ehn��sxzaciG" � k�ghrstvw�whacu ght�nykM��a�ghe���ghn��sa ghacehijt�ksa�ghr#a@nyb�g�tzi(dyx
k�Usi �>ale�nyox�t�ksacdye�u n�i �st�k#d g�tzn�k#w}nfoqdyw�wha g�w�g�n(rsnyxv� " 	.a �snjghrstvw�����g�acw	ght�ks� U#whtzk#� 	y���s�
�s� �#�dfk#� M��t 2 ale�alkmg dyw�w	alg u n�i �st�k#d g�tzn�k#w?" 	 rsalk���a�dfe�ajghn/r#nyxv� ���t 2 ale�alkmg d�whwha g{w
u xvdyw�w	a�wl�#��a wht�iGb#xz�GU#wha�ghr#a nye�t��yt�k#dfx � !:p bse�ny�#xzaci !��#B"�
#nye�ghrsaGuldywhacw�nfo 	 � ��dyw�w	alg�wc�
��a`U#wha�ghr#a�ijn���acx:��acw�u e�t���a��Qt�k ! ��#6"

� k ghrsaGnybsght�iGtedcdfght�nyk`� g�rsa o Usk#uWg�tzn�k
g(·) t�k ! ��#�t�w���a �#ksa�� dyw�g�rsa n�b�ght�i(dfxU~ dfxeUsa nyoghrsajbse�ny�#xzaci ! ��#�al~ dyxmU#dfgha��In ~yace�d �5b>ale�t�n�� ghe�ala�" �}rsa ghe�alaGn ~yace���rstvu{r ��aGal~ dfxeU#d g�a

�se{dfk#u{rsa�w���� �m�s� 	��s� 	��(dyk#� 	c�(t�k/g�rsa u n�k#whacu6Usght�~ya w	g�dy�yacwc�s��tz~�t�ks�(ghr#a�ghe�ala d(ghnfg{dfx]nfo
	c�m��� �y�y��w�u alk�dfe�tznmw."�}rst�w�ghe�ala�tvw u{rsnmw	ackjx�dyeh��aleUghr�dfkjghr#a�ghe�ala�whU#whac�jt�kjghrsa�w	t�i�Usxvd g�tzn�k#wc�
tzkMn�e���ace�ghnjxzn ��ale�g�rsa�tzijb#d�uWg�nyo:ghr#a@u{rsnytvu a�nfoghr#t�w}g�ehaca�nyk5ghrsa�n ~�ale{dfx�x>whnyxeU�ght�nyk "
� w�g�rsa b#ehn��sxzaci ! ��#�t�w5bse�ny�#dy�sx��6ksnyg�u n�k�~ya �9����a uldyk�ksnyg5��U�dfe{dfkmghacaMghr#dfgQghr#a

w	n�xmUsght�nykGo n�Usk��jt�w nyb�g�tzi(dfx\"� k(n�Use�a ��b�aceht�ijalkmg�wq��a���n�r#n ��ac~yaleqn���g�dytzk(dybsbse�n ��t�i(d g�alx��
ghrsa.whdyiGa.dyw�w	alg�iGt���acw5d ijd �"nye�t�g"��nfo�ghr#a/ght�ijacw���r#alk�w	g�dfehght�ks��o e�nyi d�k�Usi �>aleQnfo
��t 2>acehack�gje{dfk#��n�i w"g{dfehght�ks� b�n�tzkmg�w?"6�}rsaMk�Usi ��aceGnyo�x�n�uldfx�ijtzk#tzibUsi(w(��n�acwjrsn ��al~�ale
w	acali g�n(tzk�u e�acdywha���t�g�r5g�rsa�k�Usi �>ale�nyoUd�whwha g�ulnyi �#tzk#dfght�nyk#wc��dyw}i(d ���>a�a ��b>acuWg�ac� "
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�df�sx�a 	 �q�]acw	g�w"g{d g�t�w	ghtvuldG~ dfxeUsa�o nye���t 2 ale�alkmg�u n�i �st�k#d g�tzn�k#w?"

� o���a(n��#whale�~ya ghrsaQwh��kmghrsalghtvu(dyw�w	alg�w�n���g�dytzksa�� t�k ghr#t�w@o dywhrstzn�k`�:��a(�yalg�ghrsa(e�acwOUsxzg�w
t�k,
]t���U#ehaI��"�� k6g�rstvw �#��Use�a5ghrsaIwh��k�g�rsa g�t�u�dyw�wha g�wjdyeha�nye{��ale�ac�6tzk,��a�whulalk#��t�ks� nye{��ale
d�ululnye{��tzk#� g�n g�rsalt�eTU#wha�tzk�g�rsa�ehn�nyg}k#n��sa�nyo]g�rsa@dyw�wha g�w	a�dfe{u{rQbse�ny�#xzaci "
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Usk��swaU#whac� ! n�e���aceha��5dfo ghace���aculeha�dywhtzks��U#wha #6"

�}rsa/o U#k#�sw�n���g�dytzk#ac� tzk,g�rsaIi(dfk#ksaleQ�sacw�u e�tz�>ac� dy��n ~�aMdyeha�g�rsalk U�w	a�� U#k#dfxzghaceha��
g�rse�n�Us��rsn�U�g�n�U#e�wht�i�Usxvd g�tzn�k#w." � k.n�e��sale�ghnMal~ dfxeU#dfghaGrsn �4��alx�xUghrsa(u{rsnmw	ackIo Usk#�#w�b�ace��
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1 asset

2 assets

3 assets

4 assets

7 assets
1.47

1.47

1.47

1.47

1.47

1.48

1.48

1.48

1.48

1.48

1.48

1.48

1.48

1.48

1.48

1.49

Excempt first stage

Synthetic assets at all 
stages


tz��Useha����`��a�wcUsxzg�w:o e�nyi<dyw�w	alg:eha���U#u ght�nyk`� whtzibUsx�dfght�nyk�~ dfxeUsa d�w:d}o U#k#uWg�tzn�k@nfo�g�rsa k�Usi ��ace
nfoUdyw�w	alg�w U#whac� "

�TUsi ��ace�nfoUdyw�w	alg�w ��dytzk � � g�acw	g�w"g{d ghtvw	ghtvuld
� �" �y�m�f� �" �����
� �" �y��	�� �"�	 

�]dy�sx�a���� ��dft�kQo e�nyi a �su xeU#��t�ks��w	g�df��a 	�o e�nyi[w	��kmghrsalghtvu�dyw�w	alg�w?"

� 	�� � �0$&( ��' ��� � � � ��# )0$&��� � 
����+ � �( ( $ � �1� � � '��0 ��' � ��(
� w}ijalkmg�tzn�ksac�5bse�al~�tzn�U#whxz�(t�kM��acuWg�tzn�k 	�" �G��dft�~yn�ehn�k#w��mt>dfk#����a�!:dyks�ya���	�	�:a ��b�aceht�ijalkmg
��t�g�r6dfk6tzk�~ya�w"g�ijalkmg b>nyx�t�ul� ghr#dfg tvw d rm���se�tv� ��alg"��acalk6d � � � ijt�� b>nyx�t�ul��dfk#� dIo Usx�xz�
����k#dfijtvu(w"g�n�u{r#dyw	ghtvujbse�ny�ye{dfijijt�ks��whnyxeU�g�tzn�k�"5�}rsac�Io n�ehiBghrstvw@r����se�t�� ��� x�a ghght�ks�/ghr#a
ijn��salx�o ehacalx��ju{r#nmnmw	a�dykQdyw�wha g ijt��Go n�e g�rsa���e�w	g g"��n w	g�df��acwc�y�Usg}dfg ghr#a�ghr#tze{��dfk��(x�dfghace
w"g{df��acwc�qghrsa/d�whwha g(ijt ��t�ehac�#dfxvdfk#ulac� g�n ghrsaId�whwha gjijt ��u{r#n�whalk�dfgjghrsa/whacu n�k#�6w	g�dy�ya�"
� k#whbstze�ac�,����ghrstvw5t���a�ds����aI��tvw	r�ghn6whalaItzo@b>aleho nye�ijdyk#u a t�wQtzijbse�n ~ya��,t�o@��aIa ��aciGbsg
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b#xza � �m��a���n�Usxv� x�t��ya�g�n@��a g�ale�iGt�ksa�tzo`��a�ijtz��r�g���a g �>a ghghacec�mnye dfg x�acdyw	g ksnyg�whtz��kst �>uldfkmg�xz�
��nye{wha e�acwOUsxzg�wc�`���IU#whtzks�Mg�rsa(u xvdyw�w	tvuldyxqpIdfe �yn ��tzgOdGnyb�g�tzijtedcdfght�nyk bsehn�ulac��Use�a�"G� k nye{��ale
g�n(u nyijb#dyeha�dyw�wha g�u xvdyw�w	a�w�uleha�d g�ac� U�w	t�ks�jnyb�g�tzijtedcdfght�nykQn ~�ale�ghr#a�g�ehaca�dfk#��dyw�w	alg}ulx�d�whwhacw
uleha�d g�ac� U#whtzks�jg�rsa pIdye���n ��t�gZd�ijalghrsn��9����a�k#dfgOUse{dfx�x��Qksacac�5ghnQulnyk#w	gheZU#u g�d�whwha g�ulx�d�whwhacw
U�w	t�ks��ghr#a�x�dfg	ghace�ija g�rsn�� "]� kjn�e���aceUghn�i(d���a�d�ulnyijb#dyehtvw	n�k ��tzghr(n�b�ght�ijtmd�d ght�nykGn ~yaceghrsa
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tzkQg"��n ��d ��w?"]� kQghrsa �#e{w"g}uld�w	a��m��a�d�whwOUsija�g�r#d g}��a�r#d ~�a�nyk#a'Usk#t�g}nfo:ijn�ksal�GghnGt�km~�acw	g
tzk5ghr#a@dyw�w	alg�wc��dyk#�5��a���n ghrstvw�t�kQg�rsa���d �jg�r#d g���t�x�x9iGt�kst�ijtmdca�g�rsa@w	g�dfk��sdfe{�Q��ac~�t�dfght�nyk
nfo�n�UseG�mt�alxv�9���yt�~yalk ghr#dfgj��a��ya gGghr#a���a�w	t�e�ac�6d ~�ale{df��a(�mt�alxv�9��dfk6dybsbse�n�dyu{r ghr#dfgG��t�xzx
tz��ksnye�a�g�rsa e�acwhale�~ya�e�a�6WUst�ehacijalkmg�w?"�� k/g�rsajw	a�u nyk��/uldywhay�>��a dyw�wOUsija@ghr�d g���a r�d ~ya@n�ksa
Uskstzg nfo9dyw�wha g�w���rst�u{rjtvw U#whac� ghn u n ~yaceUnyksaaUsk#t�g nyo�g�rsa�e�acwhale�~ya��fdfk#�j��a}ghe��@g�n�iGt�kst�ijtmdca
ghrsa�w	g�dyk#�sdye��.��al~�tvd ght�nyk nfo�ghrsa�wOUse�bsxeU#w."j�}rsa�w	aGg"��n�ijalghrsn��sw�i(d �/�>a�w	acalk dyw`U#wht�ks�
ghrsa�x�t�dy�stzx�tzg"�Gr#ac����tzks�Gu e�ac��tzg}nfo��r�dfe�b�a�dfk#���}t�kmg � �f�� ����tzghrQghrsa���actz��rmg�nfo:ghrsa�xztvdf�#tzx�t�g"�
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g�ehaca�"

��n ��al~�ale��`dyw�w	alg�dy�y��ehac��d g�tzn�kI��n�acw�ksnyg@rsalx�b�U�w�ghn/w	n�xz~�aGdyksnfg�rsale�whale�tzn�U#w�bsehn��sx�ali
nyodjw	ghn�u{r#dyw	ghtvu�bse�ny�ye{dfijijt�ks�@�#d�w	a��5dybsbse�n�dyu{r:�mk�dfijalx��(rsn ��g�njtzkmghacehb#ehalg�g�rsa�eha�wcU#x�g{w."
� ghn�u{r#dyw	ghtvu�bse�ny��e�dyiGijt�ks�j�yacksale{dfx�xz�Q��n�e���w�dyw�d(u x�n�whac���sxvdyu �Q�>n � "��}rsa�U#w	ace�whb�a�u t��#acw
r#t�w � rsace�e�tvw��Mbse�a o acehack#u aGdfk#�.wcUs� �"acuWg�tz~�a ~�t�al��nyo�ghrsaje{dfk#�snyiN��tvw"g�eht��U�g�tzn�k nfoqg�rsa<Usk��
ulalehg�dytzkMb#dye�dyiGalghace�wc�sdfk#�MtzoUghrsa iGn���acx:tvw�whb�a�u t��#ac�Mulnye�eha�uWghx��y�#t�g���t�x�x:bse�n ~�t���a�g�rsa U#whale
��tzghr.d(��acult�whtzn�k/��rstvu{r/t�w�u nyk�w	tvw"g�alkmg���tzghrIrstvw � rsace���acxzt�a o w?" � b#dye�dyija ghacehtedla��5�sacu tvwhtzn�k
eZUsx�a�t�w}a�dywhtzace�g�njtzkmghacehb#ehalgc�swhtzk#ula�ghrsa�alkmg�tze�a�eOUsx�a�t�w}a ��bsxztvu tzghx��Qd ~ dft�xvdf�sx�a�t�k5ghrsa�o n�ehi nyo
g�rsa@d o n�ehacijalkmght�nyksa���b>nyx�t�ul��o Usk�uWght�nyk "
�qdfe{dfija g�ale�tmdcac� eOUsx�acw��sn/rsn ��ac~yace�r#d ~�a g�rsalt�e@n ��k ��e{d ���#dyu ��w?"��tze{w	ghx��y�:��r#tzx�aGghrsa

b�dfe{dfija g�ale{w�i(d �(�>a�nyb�g�tzijtedlac� U#wht�ks�GwOUstzg�dy�sxza�ija g�rsn��swc�s��a�w	ght�xzx o d�u a�ghr#a�b#ehn��sxzaci ghn
u{r#nmnmw	a�g�rsa�w	r�dfb>a�nfo>ghrsa�b#dye�dyija ghacehtedla��@b>nyx�t�ul��"�! � r#n�Usxv�jt�g��>a�d�bst�aculal��tvw	a}x�tzksa�dfeUo Usk�u �
g�tzn�k`��djb>nyx���ksnyijtvdfx9nyog�rsa@w	g�d g�a�~ dfe�t�dy�sxza�wl��alg�u�" � # � w}ghr#t�w�bsehn��sx�ali t�k�~yn�xz~�acw}u{rsn�n�whtzk#�

�



��alg"��acalk ��t 2 ale�alkmg@g"��b�a�w nyo}o Usk#uWg�tzn�k#wc�tzg tvw@k#nfgGwOUstzgha�� o nye d�U�ghn�i(d ghtvu(n�b�ght�ijtmd�d ght�nyk "
� aculnyk#�sxz���9t�g��>acu n�ijacw�dfx�ijn�w	g�t�ijb�nmwhwhtz�#xza ghn �#k#� dfk.nyb�g�tzi(dyxn�e�ksacdye�n�b�ght�i(dfxqwha g�nfo
b#dfe{dfijalghale{w]t�o>ghrsa�k�Usi ��aceqnfo>b#dfe{dfija g�ale{w:�>aculnyijacwg�n�n�xvdfe��ya�� nyeUtzo�g�rsa�b�n�xztvu � ��a�u nyija�w
ghn�n(u n�iGb#xza �^"

	 kjn�e���aceUghn�g�eh�@ghn@ijtzght���d g�a}ghrsa�e�acwhb>acuWg�tz~�a���a�d���ksa�whwhacwnfo>ghr#a�g"��n�ijalghrsn��swc�y��a�d g��
ghaciGbsg}d rm���se�tv��dfbsb#ehnmdyu{r�" �}rst�w�dfb#bsehnmdyu{r(u n�k#wht�w	g�w nfo]ulnyk#w	gheZU#uWg�tzk#� d@b>nyx�t�ul�Go Usk#uWg�tzn�k
o ehn�i d k�Usi �>aleGnfo�w	ghn�u{r#d�w"g�t�u(b#ehn��ye{dfijijtzks�/whnyxeU�ght�nyk�w." � w	ghn�u{r#dyw	ghtvu(bse�ny��e�dyijiGt�ks�
bse�ny�sx�ali tvwGnyb�g�tzijtedlac�6o nye(d.k�Usi �>ale(nyo���t 2>acehack�g�w	g�dfghacwGnyo�ghr#a���nye�xv�	� g�rsaMnyb�g�tzi(dyx
w	n�xmUsght�nyk#w�g�ny�yalghrsace���tzghr�ghrsa w"g{d ghaYU#k#��ale���rst�u{r�g�rsal�Mdfe�a�ny��g{dft�ksac�Mdfe�a�u n�xzx�acu ghac��t�kId
�sd g{df�#d�w	a�" �}rst�w�u n�xzx�acu ght�nyk/nfo�whnyxeU�ght�nyk�w�dfe�a�ghr#alkIU#whac��g�n5uleha�d gha@d�b�n�xztvu �5o Usk#u ght�nykIt�k
ghrsa�o nyx�xzn ��t�ks��o d�w	rst�nyk&�:o n�e�d���tz~�alk�w	g�d g�a�nfo9g�rsa���nye�xv�Gdyk#�jg�rsa�ulnyijb#dfk����y��a �#k#��d w	alg
nfo]w	g�dfgha�w t�k�g�rsa��#d g�dy�#dywha���rstvu{r5dyeha�u x�n�wha�ghn ghr#t�w��yt�~yackQw	g�d g�a�" �}rsa�nyb�g�tzi(dyx>whnyxeU�ght�nyk�w
u n�ehe�acwhb�n�k#��t�ks��g�n g�rsa�u{r#n�whalkQw	g�dfghacw}dyeha�ghrsack5t�kmghale�b>nyxvd gha��jghn o nye�iDghr#a�n�U�ghbUsg}nyo`ghr#a
b�n�xztvu ��o Usk�uWght�nyk " ��nygha ghr#dfg�g�rst�w�e�a�6WUst�eha�w�ghr#a ��a �#kstzght�nyk nyo�d�ija g�ehtvu@n�k/ghrsaGw	b�dyu a nfo
b�nmwhwht��sxzaGw"g{d g�acw?" 	 k/g�rst�w���nye �>��ghr#a ija g�ehtvu@tvw�~�ale���wht�iGb#xza���g�rsa �st�w	g�dyk#u a ��alg"��acalk/g"��n
w"g{d g�acw}tvw}�yt�~yalk����(ghr#a@u nyk�w	n�xztv�sd g�tzn�k ! dyw�w	alg�w}n ~yace}xztvdf�st�x�t�g�tza�w #6"
	 r#alk/��a U#wha w"g�n�u{r#dyw	ghtvu�bse�ny�ye{dfijijt�ks�Gghn�dy�#��eha�whw�dfk �	� p bse�ny�sx�aliM�sg�rsa@ijn���alx

i�U#w	g �>aMw	t�ijbsxzt��#a�� t�k6nye{��ace@ghn.��a�u n�iGaMu n�ijbU�g�dfght�nyk#dyxzx��.ghe{dyuWg{df�sx�a�" � ijn�ks� nyghrsace
ghrst�ks�mwq��a�g"��bstvuldyxzx��@ksacac� ghn�e�ac��U�u a�ghrsa�kWU#i �>aleqnfo>ght�ija � w"g{df��acwUt�k g�rsa�bse�ny�sx�aliM��altzghrsace
��� e�alijn ~�tzks��ghr#a�x�dfghale�w	g�dy�ya�wUnyeq��� dy�y�ye�al�md g�tzks��ght�ija � w"g{df�ya�w." �}rstvw���tzk#�Gnyo whtzijbsx�t���uld��
ght�nyk#w���t�xzx ijn�w	g�ulalehg�dytzksx��(t�k�g�ehn���U�u a�whnyija�w	n�e	g�nfo:�stvdyw�t�kmghn@g�rsa�w	n�xmUsght�nyk`�mghn �}dfe{�swc�fo n�e
a �sdfijbsx�ay��ghn�n ehtvw����jnye ghn�n ulnyk#whale�~ d g�tz~�a�tzk�~ya�w"g�ijalkmg�w?" 	 k�bse�al~�tzn�U#w ulnyijb#dyehtvw	n�k#w�i(d���a
��� ��n�U���alk���aceh� � ��	� ��dyk#� �xzalghalk:� � � �mxvdfk���dyk#� 	 dfx�x�d�u a ��	��� �#g�rsa@x�alks�yghr/nyog�rsa�g�acw	g
whulalk#dyeht�n�w�r#d ~�a��>alackIw	r#nyehg}acksn�U#�yr5ghn(i(d���a�tzg�o acd�w	t��sx�a�ghn(r#d ~�a�n�ksa���acult�wht�nykMw"g{df�ya�t�k
ghrsa w"g�n�u{r�dyw	ghtvu�bse�ny�ye{dfijijt�ks� ijn���acx:o n�e�acd�u{rI��acult�whtzn�k/w"g{df�ya�t�k/g�rsa�gha�w"g�whulalk#dyeht�n@" 	 k
ghrsa�u nyijb#dyehtvwhnyk#wi(dy��a���� �nyxeUs�(a g dyx�" ��	��� �md�g"��n�� w"g{df��a�ijn���alx�t�whU#w	a��G�U�g���a�u tvw	t�nyk�w
dfe�a�ijd���a�o nye�a�dyu{r5ght�ija � w"g{df�ya�"��}rstvw�t�w�a�6WUst�~ dyxzackmg�ghnXU#whtzk#�jdjibUsxzght�� w	g�dy�ya�ghe�ala���rstvu{r
nyksx����se{dfk�u{rsacw}d g�g�rsa�e�nmnyg�k#n��sa�"

	 k nye{��ace�g�nM�sacu e�acd�w	a ghrsaj�stvdyw�ucd=U#whac� ���Iw"g{df�yajdf���ye�al�md ght�nyk:����aGulnyk#w	gheZU#u g�d5b#d��
e�dyija ghacehtedla��/b>nyx�t�ul�5o e�nyi g�rsa g�df�#xza�� �#d�w	a��/b>nyx�t�ul�/�m�Id��s��t�ks��g�n5tzg@d�x�n ��� �stzijalk�w	t�nyk#dyx
��rstvu{rQtvw�ulnykmghe�nyx�x�ac�j����d wha g}nfo]b#dfe{dfija g�ale{w." � t�iGt�xvdfe�ghnjd@bU#eha�b#dfe{dfijalghale�tedlac�jb>nyx�tvu �y�
ghrsa�b#dfe{dfija g�ale{wUdfe�a}ghrsackGn�b�ght�ijtmdcac�jn ~�aleqd�x�dyeh��a}kWU#i �>ale�nyo9w�u ack#dfe�t�n�wtzk(n�e��saleUghn ��k#�
dfk�nyb�g�tzi(dyx:��tvw"gZUseh��dfk#ula�"
���(u n�i �st�kst�ks� w	ghn�u{r#d�w"g�t�u�x�t�ksacdye bse�ny��e�dyiGijt�ks�@dfk��(b#dfe{dfijalghale�tedlac�Gb>nyx�t�ultza�w t�k(g�rst�w

o dywhrst�nyk`�f��a�rsn�b�a}g�nAUsght�xztedla}g�rsa�dy�s~ dykmg�df��acwnfo>��nyghr(ija g�rsn��swUg�n�n�Useq�>alksa �sg?" � g�n�u{r�dyw��
ghtvuGbsehn��ye{dfijijtzk#�Qtvw`U#w	a��Ig�nMbsehn���U�u aGghrsaj��alksace�dyxUwhr#dyb�ajnfo}d�b#dfe{dfija g�ale�tmdcac�/b>nyx�tvu �y�
��rstvu{r e�ac��U#ulacw�ghrsajbse�ny�#xzaciNnfo�u{rsn�nmw	t�ks�Qd�w	r�dfb>a o n�e�n�Use�b�n�xztvu �Mo Usk�uWght�nyk.ghn5ghr�d g�nfo
u{rsn�n�whtzk#�Id whr#dfb>aQnyo�ghrsa���t�w	gOU#eh�#dyk#u a�" � w ghr#a5b>nyx�t�ul�.tvwGu nyijbUsg�d g�tzn�k#dfx�x�� u{rsa�dfb g�n
al~ dfxeU#dfghay�mtzg�tvw�b>n�w�w	t��sx�a�ghn ghacw	g�g�rsa�whnyxeU�ght�nykXU�w	t�ks� d�xvdfe��ya�kWU#i �>ale nyo`whulalk#dyeht�n�wc�f��rstvu{r
t�wksnygqb�nmwhwhtz�#xza�o nyeqd�bUse�a�w	ghn�u{r#d�w"g�t�u�bse�ny�ye{dfijijt�ks��dfb#bsehnmdyu{r�" �Usehghrsacehijn�eha��fw	t�k#u a�ghr#a
b�n�xztvu �Gtvwqa ��bsx�t�ult�g�xz�jd ~ dft�x�dy�sx�ay�ydyxz�>altzg t�kjghrsa�o nye�iJnfo`d�wha g nyo g�df�#xza�wl��t�g tvw�a�dywhtzaceUghn@ac~ dfx��
U#d g�a@dfk#� U#wha�g�r#dfk/d(wh��w	ghaci �#d�w	a���nykMbUse�a�xzt�ksa�dfe�w	ghn�u{r#d�w"g�t�u�bse�ny��e�dyiGijt�ks�@"��]n(n�U#e
��ksn ��xza����ya���ghrstvw�tvw�ghrsa �#e�w	g}ght�ija w"g�n�u{r#dyw	ghtvu�xzt�ksacdye�bse�ny�ye{dfijijt�ks� dyk#��b#dfe{dfija g�ale�tmdcac�
b�n�xztvu t�acw�dyeha�ulnyi �#tzksa�� "
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	�� � �0� + '���$
	 kGnye{��ace:g�n�d��s��e�acw�w]dyk ��� pFbsehn��sx�ali U#whtzk#���>nfg�rGw	ghn�u{r#d�w"g�t�u�xzt�ksa�dfeUbse�ny�ye{dfijijt�ks��dfk��
b�dfe{dfija g�ale�tmdcac�Mb>nyx�t�ultza�wl�9��a w	g�dye	g��m�/��a�whuleht��st�ks�5dQ�yacksale{dfx �	� p bse�ny�sx�ali t�k � a�uWg�tzn�k
�" 	 k � a�uWght�nyk/�G��a@��acw�u e�tz�>a�ghr#a�g"��n(ija g�rsn��sw���a���tzx�x:ulnyijb#dfe�a�dfk#��t�k � acu ght�nyk �(��a
i(d��ya@d 6WU#dfx�tzg�d g�tz~�a@u n�iGb�dfe�t�whnyk���alg"��acalkMg�rsaliG" �}rsa whtzijbsx�a �	� p bse�ny�sx�ali U#whac�5o nye
g�acw	g�w�dywq��alx�x#dywqghrsa�g�acw	g�w�ghrsacijwhalx�~ya�w�dfe�a���a�whuleht���a��Gtzk � a�uWg�tzn�k �s����r#ale�acdywqulnyk#ulxmU�w	t�nyk#w
dyeha���e{d ��k�o e�nyi ghrsa�w	a�g�acw	g�w�t�k � acu ght�nyk �"

� O � P(� ��Z ��\]T � ^ ��
 �@^ X 	 � � P � � Z R �

� 	�� � �  ��)�$ �  ��' �1 +�� � �0$&+
� wG��a�b#ehac~mt�n�U�w	x��.ijack�g�tzn�ksac�`� �	� p bse�ny�sx�ali(w dyeha5w	n�xz~�ac� ghn.i(d��ya5nyb�g�tzi(dyx�t�k�~yacw	g��
ijack�g{w t�k�dyw�wha g�w tzkQnye{��aleqg�n u n ~�aleqo UsgOUse�a�x�t�dy�stzx�tzght�acw?" 	 kQeha�dfx�t�g"� ehactzk�~ya�w"g�ijalkmg���a�u tvw	t�nyk#w
dyeha�ijd���a�ulnykmght�k�Usn�U�w	x�� t�k(g�tzija ! dfxzghr#n�Us��r(ijdye���a g{w�i(d �Gulxznmw	a���alg�ula ghace�d #U�U�g}t�k�nye{��ale
g�n/w	t�ijbsxztzo �Mghr#aGb#ehn��sxzaciN��ajdyw�wOUsija g�r#d g�ghe{dy�sa tvw�nyksx��/b�nmwhwht��sxzajd g�d��#kstzghajk�Usi �>ale
nyo�b>nyt�kmg�wjt�k ght�iGa�" |�k���ale(g�rstvw(dyw�wcUsijb�g�tzn�k`����aMi(d ��o nye�i�U#x�dfgha�ghrsa/��alksace�dyx �	� p
b#ehn��sxzaci dyw�o n�xzx�n ��w��

min
y0

f0(x0) + � ξ1
min

y1(ξ1)
[f1(

−→x 1(ξ1), ξ1) + � ξ2|ξ1
[ min
y2(ξ2)

f2(
−→x 2(ξ2), ξ2)

+ · · ·+ � ξT |ξT−1
[ min
yT (ξT )

fT (−→x T (ξT ), ξT )] · · · ]], !�	cd�#
w?"]gn"

x0 = g(x̄, y0),
!�	l� #

y0 ∈ Y0,
!�	cu�#

xt(ξt) = g(xt−1(ξt−1), yt(ξt), ξt), t = 1, . . . , T,
!�	���#

yt(ξt) ∈ Yt(xt−1(ξt−1), ξt), t = 1, . . . , T,
!�	ca #

��r#ale�a dfx�xqu n�k#w"g�e�dytzkmg{w�rsn�x��Idyxzijnmw"g�wcUse�alx��y�9dyk#�I��rsaceha ghrsaG~ dfe�t�dy�sx�acw�dyk#�Ib�dfe{dfija g�ale{w
dyeha���a �#ksa���d�w �

T
xvdyw	g�g�tzija�� w	g�dy�yay�

ξt

dfx�x ghr#a�e�dyk#��nyi tzk�o n�ehi(dfght�nyk"�mk#n ��k�dfg�g�tzija
t
�

xt(ξt)
ghr#a@w"g{d gha�nyo]g�rsa@u n�iGb�dfk���d g�g�tzija

t
�

−→x t(ξt)
ghr#a@dfx�x`w"g{d gha�w}nfoghrsa@ulnyijb#dykm�XU#b5g�njght�ija

t
�

x̄
ghrsa�t�kstzghtvdfx:w	g�dfgha�nfoghr#a@u nyijb#dyk��y�

yt(ξt)
ghr#a@��acult�whtzn�k5i(d���a�d g�ght�ija

t
�

Yt(xt−1(ξt−1), ξt)
ghr#a�o acd�w	t��sx�a@w	alg�d g�ght�ija

t
�#��rstvu{rMt�w���alb>alk#�salkmg�nykMe{dfk��

��n�iBt�k�o nye�i(d ght�nyk dfk�� g�rsa(bse�al~�t�n�U#w�w	g�dfgha(nfo�ghr#a�u nyi �
b#dykm��"

g(xt−1(ξt−1), yt(ξt), ξt)
ghr#a�ghe{dfk�w	tzght�nyk(o U#k#uWg�tzn�k`���yt�~mt�ks��g�rsa�w	g�dfgha�d g�g�tzija

t
dyw d

o Usk#u ght�nyk@nyo�ghrsa�w"g{d gha�d g`g�tzija
t−1

�cg�rsa e{dfk���nyi�n�U�g{u nyija
d g�g�tzija

t
�sdyk#�5ghrsa@��a�u tvw	t�nyk�i(dy��a�dfg�g�tzija

t
"

�



	 k@ghrstvw:ijn���acx � ��a dyw�wcU#iGa�ghr#dfg:ghr#a���a�u tvw	t�nyk
yt

tvw`g{d��yack@d o g�ale`g�rsa e{dfk���nyi�n�U�g{u nyija�w
d g�g�tzija

t
�>aculnyija ��ksn ��k ��rsalk�u ay�

yt

i(d ����acb�ack#�MnykMg�rsacwha n�U�g�ulnyijacw?" �Usehghrsacehijn�eha��
��a�dyw�wcU#iGa�ghr#dfg]g�rsa ~ dfe�tvdf�sx�acw:nfo�ghr#a�ijn���alxmi(d ����a���tz~�tv��ac� tzkmg�n�g"��n�uldfghal��nye�tza�w � � g{d g�a
~ dfe�t�dy�sxza�w !

xt

#}dfk#�/��a�u tvw	t�nyk ! n�e�u n�kmghe�nyx # ~ dyehtvdf�sx�acw !
yt

#W�>dfk#�5ghr�d g�g�rsa w	g�d g�a�~ dfe�t�dy�sxza�w
dfe�a�a ��bsxztvu tzghx��5�sa ghacehijt�ksac�����(g�rsa@u n�k�g�ehn�x ~ dyehtvdf�#xza�w."

� 	�� ! �1$&�� ��' � � ��$ $&( ���� ��' ( �1��$ ��' �  ��' ���
	 k�nye{��ale�g�n/i(d��yaGg�rsa�bse�ny�sx�ali !�	 #�u n�iGb@U�g�dfght�nyk#dyxzx��/ghe{dyu g�dy�sxza��:��a(ksala�� ghn/e�acw	ghe�t�u g
ghrsa�w	b�dyu a5nfo�b>n�w�w	t��sx�aQn�U�g�ulnyijacw nfo�ghr#a5bse�n�u a�whw {ξt}

g�n.d ��kst�g�a�wha gGnfo�i(dfk�df�ya�df�sx�a
w	tedla�" �}rst�w t�w b�ace	o n�ehija�� �m� ��tvwhulehalghtedlt�ks�Mghr#a�b�nmwhwht��sxzaQn�U�g{u nyija�w�ghn d whulalk#dyeht�nMghe�ala��
U#whtzks� nyksa�nfo:ghrsa�ija ghr#n��#w}iGackmght�nyksa��(tzk � a�uWght�nyk 	�" ��" �}rsa�ehn�nfg�ksn���a�nfo`g�rst�w�g�ehaca���t�xzx
u n�k�g{dft�k�ghr#a}ulalehg�dytzk tzk�o n�ehi(dfght�nyk d ~ dft�xvdf�sx�a�dfg]g�tzija�� ! ghrsa}t�kstzghtvdfx�w"g{d g�a�nyo#ghr#a�ulnyijb#dfk����
x0
�9dfk#�Mg�rsa���ksn ��k b�n�tzkmg�nyo�nye�tz��tzk/nyoqghrsaGbse�n�u acw�wc�

ξ0
#B" � t�k#u a ghrsa bse�n�ulacw�w�r#d�w��>alack

��tvwhulehalghtedlac�`�9ghrsacehaja ��tvw	g�w�d �#kstzgha(k�Usi ��ace@nfo�b�nmwhwhtz�#xzajn�Usg�u n�ijacw�nfo
ξ1
�`acd�u{r o n�ehijt�ks�

d�ksn���aGt�kIghr#a g�ehacay� r#d ~�tzk#��ghr#a e�n�nfg�ksn���ajdyw�tzg�w�b#dfe�alkmgn" 	 k ghrsajwhdyija@o dywhrst�nyk`� a�dyu{r
n�U�g{u n�iGa�k#n��sa

i
dfg�w"g{df��a

t < T
��t�xzx]r#d ~ya@d(wha g

C(i)
nfo�wcU�ulu a�whwhnye�n�U�g�ulnyija�ksn���a�w�d g

ght�ija
t + 1

" �Usehghrsacehijn�eha��m��a�u nyx�x�acuWg�dfx�x>ghrsa�ksn���a�w�nyo:g�rsa�g�ehaca�t�kmghn ghrsa�wha g
N
�sdfx�x>ghrsa

ksn���acw d g�g�tzija
t
tzkmg�n�ghrsa�w	alg

Nt

�mdyk#�Gxzalg�ghr#a�nyb>ale{d g�nye
p(i) : N \N0 → N \NT

��acksnfg�a
ghrsa b#dfe�alkmg�nfoqdfkMn�Usg�u n�ija�"��}r#aYUsk#u n�k#��tzght�nyk#dyx`bse�ny�#dy�st�xztzg"�(o nye�ghrsa@n�U�g�ulnyija�t�k�k#n��sa
i
ghn(n�ucu6Use}tvw���a ��ksac�����

P i
"

� � � � _ � R ��T�� � ��\T � ^�_ �9
 \ ��R X 	 � � P � � Z R �

� 	�� ! � � ��)� ( ��'��/+�' �0$  �������
�
���� � '����
	 kGw	ghn�u{r#d�w"g�t�u�x�tzksa�dfeqbse�ny��e�dyijiGt�ks��� dyxzxsulnyk#w	ghe{dft�kmg�w]nfo�ghrsa�bse�ny��e�dyi !�	 #dyeha}dyw�wcU#iGa���g�n
��a xzt�ksacdyec��dfk#��g�rsa wha g�w

Yt

dfe�a�dyw�wcU#iGa��5ghn��>a@b>nyx���g�nyb>acw?" 	 oq��a�o Usehghrsace�dyw�wOUsija�ghr#dfg
ghrsaM��tvw"g�eht��U�g�tzn�k nfo�g�rsa�b�nmwhwhtz�#xza5e�dyk#��nyi n�Usg�u n�ijacw@tvw �#kstzgha ! ��tvwhulehalghtedla�� dyucu nye{��t�ks�
ghn�ghrsa bse�al~�t�n�U#w�whacuWg�tzn�k #�ghrsack ��a.i(d �,��ehtzgha.ghr#a �sa ghacehijt�kstvw"g�t�u.a�6WUst�~ dfx�alkmg�x�t�ksacdye
bse�ny�ye{dfijijt�ks� bse�ny�#xzaci dyw�g�r#d g�g�n

min
yi,i∈N

∑

i∈N

P if i(xi),
! �fd #

w?"g?"
x0 = F 0y0 + G0x̄ + e0,

! � � #
Biyi ≤ bi, i ∈ N,

! �fu #
xi = F iyi + Gixp(i) + ei, i ∈ N \ N0,

! �f� #
��rsale�a�ghrsa�o n�xzx�n ��t�ks� k#nfg�dfght�nyk�t�w�tzkmghe�n���U#ulac� �

xi
g�rsa w	g�dfgha nfoqghr#a u n�ijb#dfk��5dfo ghace���a�u tvw	t�nyk#w�dfe�a@i(dy��a tzkIk#n��sa
i
�

yi
g�rsa@��a�u tvw	t�nyk�i(dy��a�t�kMksn���a

i
�

di, Ai, Bi, F i, Gi
g�rsa�e{dfk#��n�i n�Usg�u n�ija�t�kMksn���a

i
�

�



f i(·) dGbst�aculal��tvw	a�x�tzksa�dfe�ulnyk�~ya ��ny���"a�uWght�~ya�o Usk�uWght�nykMt�kMksn���a
i
"

� w�i(d �/�>aGwhalackIo e�nyi[ghrsaGo n�ehibUsx�dfght�nyk/g�rstvw�tvw�d�xvdfe��yaGwhucdfx�a x�tzksa�dfe�bse�ny�ye{dfijijt�ks�
b#ehn��sxzaciM�`��rstvu{r.i(d �/�>ajwhnyx�~ya�� ��t�e�acuWg�xz�/n�e��m�fU#w	t�ks�/��a�u nyijb>n�wht�g�tzn�k ija g�rsn��swc�:wcU�u{r
d�w�ghrsa ��ack#��ale{w�dfk��Qksa�w"g�ac� ��alk#�sale{w���aculnyijb�nmw	tzght�nyk5ija ghr#n��#w�� ��������\"

� 	�� �  �� � $ � $ ��'�� $&� � � +�'�� '�$&(
� bsbsx���tzks�(b�dfe{dfija g�ale�tmdcac��b>nyx�tvu t�acw�ghnjg�rsa�bse�ny�sx�ali !�	 #���t�alxv�sw}ghr#a�bsehn��sx�ali g�n

min
α

f0(x0) + � ξ1
[f1(

−→x 1(ξ1), ξ1) + � ξ2|ξ1
[f2(

−→x 2(ξ2), ξ2)

+ · · · + � ξT |ξT−1
[fT (−→x T (ξT ), ξT )] · · · ]], ! �yd�#

w?"Ug?"
x0 = g(x̄, y0),

! �f� #
y0 ∈ Y0,

! �yu�#
xt(ξt) = g(xt−1(ξt−1), yt(ξt), ξt), t = 1, . . . , T,

! ����#
yt(ξt) ∈ Yt(xt−1(ξt−1), ξt), t = 1, . . . , T,

! �ya #
yt(ξt) = γ(xt−1(ξt−1), ξt, t, α), t = 1, . . . , T,

! �fo #
t�k#ulxmU#�stzks�jg�rsa�o nyx�x�n ��tzks�jdy�#��t�g�tzn�k#dfx9k#nfg�dfght�nyk �

α
dG~ya�uWg�nye}nfoUb�n�xztvu �Qb#dfe{dfija g�ale{wl�

γ(xt−1(ξt−1), ξt, t, α)
ghr#a�b�n�xztvu �(o U#k#uWg�tzn�k�"

�}rstvw�b#ehn��sxzaciFa ��ghalk��sw�g�rsa b#ehn��sxzaci !�	 #���t�g�r/ghrsaGdy�s�st�g�tzn�k/nfoqghr#a u n�k#w	ghe{dft�k�g�! � o #
t�k���rstvu{r(��a�xzn�u � ghrsa�~ dyxmU#a�nfo

yt

ghn@ghrsa�~ dyxmU#a�nfo ghr#a�b>nyx�t�ul� o Usk�uWght�nyk
γ
" ��rsn�n�whtzk#��ghrsa

o U#k#uWg�tzn�k
γ
eha���U#u a�w�ghrsa ��al��ehacacw�nfoo ehacac��n�i nyo]g�rsa�bse�ny�sx�ali o e�nyi ghrsa@��t�ijalk#wht�nykMnfoU�

g�tzija�w�ghrsaGk�Usi �>ale�nyo b�nmwhwht��sxzaGn�Usg�u n�ijacw�ghn5ghrsa(��t�ijalk#whtzn�k nyo ghr#a b#dye�dyija ghace�~�acu ghnye
α
" � t�ijtzxvdfe�xz���`��a(ijd �Idybsbsx��Ib#dye�dyiGalghacehtedla��Ib>nyx�t�ultza�w�ghnMghr#a(bsehn��sx�ali ! ��#���� dy�s�stzks�

g�rsa ulnyk#w	ghe{dft�kmg ! � o #B"�� ��n�ijb#dfe�tzk#� g�rsa�g"��n(bsehn��sx�ali(w ! ��#}dfk#� ! � #W��g�rsa ulnyk#w	ghe{dft�kmg ! � � #
ulnye�eha�w	b>nyk��sw�ghn ! �f� #W� ! �yu�#�ulnye�eha�w	b>nyk#�#w�ghn ! �yu�# dfk#� ! �y��# �qdfk#� ! �f��# u nye�e�acwhb�n�k#�sw�ghn
! �fa #B" 

� X � � �@Z TW\8��\]T � R � � � � ��PUT _ � ^
	 k,g�rstvw�w	a�uWg�tzn�k ��aI��a�whuleht���aMg�rsaIi(d �"n�e���t 2>acehack#u a�w(��alg"��acalk w	ghn�u{r#dyw	ghtvu�xzt�ksa�dfe�bse�n��
��e�dyijiGt�ks�Mdfk#�.b#dye�dyiGalghacehtedla��/b�n�xztvu t�acwc�:d�w���alx�x�dyw���tz~�aGd�6WU#dfx�tzg�d g�tz~�aG�sacw�u e�tzb�g�tzn�k.nyo
g�rsa@w	ghe�alks�yghr#w�dyk#�Q��acd���ksacw�w	a�w�nfoghrsa�g"��n ijalghrsn��sw?"

��	�� � � �1 + �0( 	 ��+�� ���+ '���- ��� �  ��'����
� n�n���tzk#�Gdfg�ghrsa�bse�ny�sx�ali ! ��# �s��a�whala�ghr�d g�ghr#a@w"g{d gha�nyo:ghr#a@u nyijb#dyk�� !

x
#}dfg�d k#n��sa�t�w

�salb>alk#��ackmg�nfoUg�rsa w	g�d g�a@nfoUg�rsa ulnyijb#dfk���d g�g�rsa@b#dyehack�g�ksn���a�" � t�k#u a@ghrsaGw"g{d gha
x
d g�d

k#n��sa�tvwUdfxvw	n�t�k��@U#alk#ulac�@����g�rsa�e{dfk���nyi�tzkso nye�ijdfght�nyk dfg]g�r#d gUksn���a�� ghrstvwiGa�dfk#w:ghr�d gghrsa
e{dfk���nyi[tzkso nye�ijdfght�nyk dfg�d(k#n��sa ��t�xzxq��t�eha�uWg�xz��tzk �@Usalk�u a ghrsaGw"g{d gha�w�nyoqghrsaG��acw�u ack#�sdyk�g
wOUs��g�ehaca�" 	 k@g�rsa�whdyiGa�o dywhrst�nyk`�fghrsa�w	g�d g�a�dfg�d�ksn���a}��acb�ack#�swUnyk ghr#a���a�u tvw	t�nyk

y
g�d��yack d g
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�tz��Useha"	 � � ulalk#dyeht�n5ghe�alaji(dfe �mt�ks��e�dyk#��n�iNtzk�o n�ehi(dfght�nyk.d32>a�uWg�tzks�Mksn���a ���:w"g�n�u{r#dyw	ghtvu
xzt�ksa�dfe�bse�ny��e�dyiGijt�ks�@"

d�ksn���a�" ��ack#u a���dfkjn�b�ght�i(dfxs��a�u tvw	t�nykjd g d�ksn���a
i
tvw���t�e�acuWg�xz� tzk���Usalk#ulac�G����ghr#a�e�dyk#��nyi

tzkso nye�ijdfght�nykMd g�g�rsa dfk�u acw	ghn�e�ksn���acw���tze�acu ghx��5dy��n ~�a�k#n��sa
i
t�k5g�rsa�g�ehacay�#d�w}��acxzx:d�w}ghr#a

e�dyk#��n�i tzkso nye�ijdfght�nyk,t�k�g�rsa ��a�whulalk#�#dfkmg�wcUs�sghe�ala�" �}rstvw(t�w�tzx�xmU�w"g�e�dfghac� t�k �]t���U#eha 	��
��rsale�a�ghrsa�ksn���a�w}tzk���Usalk#ultzk#�Gk#n��sa

4
dfe�a�w	r#d���ac��" �]nG�ya g�d eha�dywhnyk#dy�sx��G��n�n��5w	n�xmUsght�nyk

d gGghrstvwjksn���a���tzg�wju{rst�x��sehack�ibU#w"gj�yt�~yaMd wcU 4�ultzack�g�xz��dyulu.Use{d gha5ehacbse�acwhalkmg�dfght�nyk nyo�ghr#a
w	b�dyu a�nfoUdfx�x b�nmwhwhtz�#xza�n�Usg�u n�ijacw�nfo]ghrsa�e{dfk#��n�i b#dfe{dfijalghale{wc�mulnyk#��tzght�nyk#ac�5nyk�g�rsa@w	g�d g�a
d g}ghr#t�w}ksn���a�" �snye�a �sdfijbsx�ay��tzk �tz��Use�a 	�tzg}tvw}b>aleho acuWg�xz�Qb�nmwhwhtz�#xza�ghr#dfg}ghrsa���a�u tvw	t�nyk#w}dfg
ksn���acw��#� 	jdfk�� ��t�ijbsx��Mghr#dfg�g�rsa(u nyijb#dyk���r�dyw�t���ackmghtvuldfxqw	g�dfghacw�d g�ksn���a�w 	��Qdyk#� ��"
	 k/ghr#a w�dfija�o dywhrst�nyk/tzg�tvw�b>aleho acu ghx��Mb�nmwhwhtz�#xza ghr#dfg�ghr#a w	g�d g�a@nfoqg�rsa ��nye�xv�Mt�w�t��salkmghtvuldyx
! n�ec�9ksa�dfe�xz�Mg�rsa(whdyija #�d g���nyghr ksn���acw 	��5dyk#� ��" �t�~yalk.ghr�d g�ghrsa(w	g�dfghacw�nyo��>nfghr.ghr#a
u n�iGb�dfk��@dfk#� ghr#a}w	g�dfgha}nfo�ghrsa}��nye�x�� d gUghr#acwha�k#n��sacwqdfe�a}w	t�ijtzxvdfe�� ghr#a}�sacu tvwhtzn�k i(dy�sa�dfg
ghrsa�w	a�ksn���a�w�w	r#n�Usxv�Q�>a�w	t�ijtzxvdfen" 	 k�djw	ghn�u{r#d�w"g�t�u�bse�ny�ye{dfijijt�ks�@o n�ehibUsx�dfght�nyk`��rsn ��al~�ale��
ghrsaceha(tvw�ksnM��U#dfe{dfkmghaca g�r#d g ghrsa�whnyxeU�ght�nyk�w�d g�ghr#acwha(ksn���acw���t�x�x���aQt���ackmghtvuldfx �:n�e�al~�alk
u x�n�whay�qdyw ghr#alt�eGwha g{w nyo�u{rstzxv��n�U�g�ulnyijacw ijd ����t 2 alen"�	 a5ulnyk#ulxmU#�sa�ghr�d g(dIw"g�n�u{r#dyw	ghtvu
bse�ny�ye{dfijijt�ks� whnyxeU�ght�nyk,��t�eha�uWghx��jU#whacwjn�ksxz� d whi(dfx�x�b�dfehgGnyo�ghr#aIwhulalk#dyeht�nIg�ehaca5��rsack
��a g�ale�ijtzkst�ks�Gghr#a@w	n�xmU�g�tzn�kQo n�e�djw	t�ks�yx�a�ksn���a�"
� n�n���tzk#�@d gqghr#a�b#dye�dyiGalghacehtedla�� b>nyx�t�ul� dybsbse�n�dyu{r o nye ghrsa�whdyiGa�a �sdfijbsx�a�w	rsn ��wqghr#dfg

ghrsaceha�tvw�d���t�e�acuWg uln�Usb#xzt�ks����alg"��acalkjg�rsa}g"��n�k#n��sacw 	���dyk#� ��~�t�d�ghr#a�b�n�xztvu � o Usk#u ght�nyk
γ
�

tzx�xeU#w"g�e�dfgha��Qt�k �t���Use�a���" � w�g�rst�w�o Usk#uWg�tzn�k�ulnyk#whtv��ale{w�nyksx��jghrsa@w	g�dfgha�w�nyo:g�rsa���n�ehxv�Qdyk#�
ghrsa@ulnyijb#dykm��dfg�d k#n��say��g�rsa���acult�whtzn�k#w}i(dy��a�dfg�g"��njksn���acw}��tzghrMtv��alkmg�t�ucdfx`w	g�d g�acw}��t�xzx
��aGtv��alkmghtvuldyx�" 	 k.d��s��tzght�nyk`� tzo g�rsa b>nyx�tvu ��o Usk#u ght�nyk tvw�u n�k�g�tzk�Usn�U#wc��tzg���t�x�x��t�alxv�Iwhtzijt�x�dye
��acult�wht�nyk#w@o nye k#n��sacw@��tzghr�w	t�ijtzxvdfeGw"g{d gha�w." ��alk#ulay��d/b�dfe{dfija g�ale�tmdcac� b�n�xztvu � dfb#bsehnmdyu{r
U�ght�x�tmdcacw�tzk�o n�ehi(dfght�nykjo e�nyi ghrsa���rsnyx�a�g�ehaca���rsackQ��alghale�ijtzk#tzks� ghrsa�w	n�xmUsght�nyk(o n�e�d wht�ks�yx�a

�



7 8 9

4

0

2

610

3

5

1

γ(xt−1(ξt−1), ξt, t, α)

�t���Use�a � � � u ack#dfe�tznjg�ehaca�i(dfe �mt�ks�je{dfk#��n�i t�k�o nye�i(d g�tzn�k�d32>a�uWght�ks��k#n��sa �#�#b�dfe{dfija g�ale��
tedla���b�n�xztvu ��"

k#n��sa�" �:n�u nyk�u xeU#��ay� t�k ulnykmghe{dyw	g`g�n�g�rsa�w	ghn�u{r#d�w"g�t�u bse�ny�ye{dfijijt�ks��dfbsb#ehnmdyu{r`� ��rstvu{r U#whacw
n�ksx���xzn�ucdfx9t�k�o nye�i(d ght�nyk:��ghrsa�t�k�o nye�i(d g�tzn�k!U#whac������b#dye�dyija ghacehtedla���b>nyx�t�ultza�w}t�w��yx�ny�#dyx�"
�}rsa tzijb>nyehg�dfkmg�ulnyk#wha�6WUsack#u a nfoUghrsa ��rsnyx�a w�u ack#dfe�tznjg�ehaca t�k��@Usack#u t�ks�(g�rsa �sacu tvwhtzn�k

o n�e@dMksn���aj��rsalk U#wht�ks�/b#dfe{dfijalghale�tedlac� b�n�xztvu t�acwc�:tvw�ghr�d g�ghr#a�w	n�xmU�g�tzn�k.t�k�dMksn���a(��t�xzx
�>a�eha�dywhnyk#dy�sxza(ac~yack t�o�ghrsaM��acw�u ack#�sdyk�g{w@nyo�ghrsa�ksn���aM��n�acw ksnfgGbsehn ~�tv��aQdyk6dyucu6Use{d g�a
�sacw�u e�tzb�g�tzn�kMnfo�dfx�x`b>n�w�w	t��sx�a�e�dyk#��nyiFn�U�g{u n�iGa�w." �}rstvw�i(d��ya�w�tzg�b�nmwhwht��sxza�g�n(eha���U#ula�ghrsa
whtedla}nfo�ghrsa�w�u alk�dfe�tzn�ghe�ala���t�g�rsn�U�gqg�rsa�w	n�xmUsght�nyk u{r�dywhtzks��whbUse�tzn�U#wbsehn �sg�w?" �@Usehghrsacehijnye�ay�
U�w	t�ks��dGb#dfe{dfijalghale�tedlac�Qb�n�xztvu �5i(d��ya�w�t�g�b>n�w�w	t��sx�a�ghn<U#wha@w	acb#dfe{d g�a�w�u ack#dfe�t�n�w�ehn�nyghac��d g
d5u n�iGijn�k w"g{d g�a nfoqg�rsaG��n�ehxv� ! dyx�whn$��ksn ��k d�w�dQw�u ack#dfe�t�n(o dfk #�tzk�w"g�acdy�Info�d�w�u ack#dfe�t�n
g�ehacay�#dGe�alxvd �sd g�tzn�kQ��rstvu{r�ijd �5w	t�ijbsxztzo ��g�rsa��yacksale{d g�tzn�kQnyow�u alk�dfe�tznmw."

��	�� � +�$ �0' � '�+�' � �
�}r#a@i(d �"nye�dy��~ dfkmg{df�ya�nyoUd�w	ghn�u{r#d�w"g�t�u�b#ehn��ye{dfijijtzks�G�#d�w	a����sacu tvwhtzn�kMwOUsbsb>nyehg�wh��w"g�ali
tvwGghr#a���eha�d g �#a ��t��st�xztzg"��t�g(�>acw	ghn ��w<Usb>nyk tzg�w�U#whalen"�p/nmw"g ��tzk��swGnfo�e�acw	ghe�tvuWght�nyk�w i(d �
�>a r#dfk#�sxza�� tzk�d6w	ghe{dft��yrmg	o n�eh�}dfe{� �}d ��" � U#u{r�e�acw	ghe�t�u ght�nyk#w5dfe�t�wha/o nye5tzk�w"g{dfk#ulaIo e�nyi
w	g�dfgOU�g�nye��jehac��Usxvd g�tzn�k#w w	g�dfght�ks� e�acw	ghe�tvuWght�nyk�w�nyk5rsn �,ghr#a�ucdfbstzg�dyx>i(d �j�>a�t�k�~yacw	gha��	��wcU�u{r
eZUsx�acw:e�dyks�yaqo e�nyi<whtzijbsx�a �>n�Usk��sw:n�k�ghrsa�o e{dyuWg�tzn�k�tzk�~�acw	ghac��t�kmghn��st 2 ale�alkmgd�whwha g{w ! w	acay��o nye
t�k#w	g�dyk#u a������ ��x�dyk#����	 � #�g�n ijnye�a�u nyijbsx�a �5eOUsx�acwc�mg�d��mt�ks�jt�k�g�nGd�ululn�Uskmg�ghrsa@ulnye�ehacx�dfght�nyk
�>a g"��alack6��t 2>acehackmgGdyw�wha g ulx�d�whwhacw$! w	aca���tzx�xzt ����nyt�~WU:� �Ualk#k#dfksack`��dfk�����dfksk#a ��	��� #B" 	 k
d��s��tzght�nyk`�mo Usk��sw i(d �G��a�wOU#u{r(x�dyeh��a�i(dfe �yalg�dyu ghnye{wUg�r#d g}i(dfe �ya g�x�t 6�U#t���tzg"�(i(d � t�ijb�nmw	a
ulnyk#w	ghe{dft�kmg�w}n�kMghrsa�i(d ��t�i�Usi dfijn�Uskmg�nfoqdyw�w	alg�w}g�r#d g�i(d ���>a@�>n�Us��rmg�nye�whnyxv�M��Use�tzks�
dGx�tzijtzgha���ght�iGa�b>ale�t�n���"

�



�Un�xztvu � �#dywhac� w	��w	ghali(wQr#d ~yaI��t 4�u6Usxzght�acwMulnyk#wht��sale�tzks� g�rsa e�acw	ghe�tvuWght�nyk�w(ijalkmght�nyksa��
df�>n ~ya�"
	 o���aMe�a�6WUst�eha5ghrsaIulnyk#w	ghe{dft�kmg�w nyk�ghrsaId�uWg�tzn�k#w ! a�6WU#dfght�nyk ! �ya #�#Gr#nyxv� o n�e�dfx�x
ksn���acwc��g�rstvwj��tzx�x�i(d��yaMd k�Usi �>alejnfo�b#dfe{dfijalghaleG~ dfxeUsacw

α
t�k�o a�dywhtz�sx�a�" 	 k a 2 acuWgjg�rst�w

tzk���U#u a�w�d(o acdywht��sxzaGw	alg�o n�e�g�rsa ~ dfxeUsa�w�nfo
α
�9��a ��ksac�.dyw�g�rsa wha g�nfo�b>n�w�w	t��sx�a b#dye�dyija ghace

~ dfxeUsacw���rstvu{r ��n�ksnyg�ucd=U#wha t�k�o acd�w	t��st�xztzg"�Mtzk.dfk��5k#n��sa�" � w�dQu n�k#wha�6WUsalk�u a@nyoqghrstvwl� ��a
ijtz��r�gU�>a�b#ehn�rstz�#t�g�ac��o e�nyi�u{rsn�nmw	t�ks��d�wha gUnfo#b#dye�dyija ghace]~ dyxmUsa�w�yt�~mt�ks��d���nmn���a ��b�a�uWgha��
ny���"a�uWg�tz~�a�o Usk#u ght�nyk5~ dyxmU#a�whtzijbsx��(�>aculd�U#wha�g�rst�w}wha g}nfo:~ dyxmUsa�w ��t�x�x`uld=U�w	a�tzk�o a�dywhtz�#tzx�t�g"�(dfg
d(w	t�ks��xza�ksn���a�" �}rst�w�ijacdfk�w}ghr#dfg�ghr#a@ksn���a@��tzghr/b>nfg�alkmghtvdfx]tzk�o a�dywhtz�#tzx�t�g"�5��tzx�x:t�k��@U#alk#ula
ghrsa@u{r#nytvu a�nfo

α
g�n�dj~yale��(xvdfe��ya���al��ehacay�swhnyija g�rst�ks�(��rstvu{r�tvw�ksnyg���acwht�e�dy�sxza�" � w	t�ijbsx�a

��d �/nyo}�sacdfx�t�ks�5��tzghr�e�acw	ghe�tvuWght�nyk�w�n�k g�rsa�dyu ght�nyk#w ! ��rstvu{r.tvwYU#whac�.tzk g�rst�w@��n�e��
#�t�w�g�n
w	nyo ghack�g�rsa/b>nyx�t�ul� o Usk#u ght�nyk ���6x�a ghght�ks��tzgQ��tzacx��,d)L�-6*B37FO-,LIdyu ght�nyk

ỹt
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b�ack#dfx�tedla�ghrsa@ulnykmghe�t��U�ght�nyk�e{d gha�d�w}��acxzx\" 	.a�o n�ehi(dfx�x�����ehtzgha�g�rst�w�bsehn��sx�ali d�w

ijtzk T
∑

t=0

τ t
∑

q∈Q

µqz
t
q − ct + τ̄ r0ν +

t
∑

t=1

τ t−1rtν,
! ��d #

w."Ugn"
e0 + τ̄S0r0 +

∑

i∈I

(1 − γ)y0−
i − (1 + γ)y0+

i = 0,
! �y� #

et + τ t−1Strt +
∑

i∈I

(1 − γ)yt−
i − (1 + γ)yt+

i = 0, t = 1, . . . , T,
! �mu�#

x0
i = x̄iρ

0
i + y0+

i − y0−
i ,

! ��� #
xt

i = xt−1
i ρt

i + yt+
i − yt−

i , t = 1, . . . , T,
! �ya #

c0 =

∑

i∈I x̄iρ
0
i

S0
+ τ̄ r0,

! �fo #

ct =

∑

i∈I xt−1
i ρt

i

St
+ τ t−1rt, t = 1, . . . , T,

! �y��#
zt

q + ct ≥ fq, t = 0, . . . , T,
q ∈ Q,

! �yr #
l∆rτ̄ ≤ r0 − r̄ ≤ u∆rτ̄ ,

! ��t #
l∆rτ

t−1 ≤ rt − rt−1 ≤ u∆rτ
t−1, t = 1, . . . , T,

! � ��#

l̄ ≤ rt ≤ ū, t = 0, . . . , T
! ���
#

��rsale�a�~ dfe�t�dy�sxza�w}dfk#��b#dye�dyiGalghace�w�dfe�a���a �#k#ac�����

T,
ghr#a�x�d�w"g}ght�ija@w"g{df��ay�

I,
ghr#a@w	alg}nyot�k�~ya�w"g�iGackmg�ulx�d�whwhacwc�

Q,
ghrsa@wha g�nyob>alk#dyx�g�tza�wl�

xt
i,

ghr#a@dyw�w	alg�w�n ��ksac�5nfoUt�km~�acw	ghijalkmg�u xvdyw�w
i
dfg�g�tzija

t
�

ρt
i,

ghr#a�bsehtvu a���ac~yacxzn�bsijalkmg�nfod�whwha g{w}tzk�g�rsa�b�aceht�n��Qx�acd���t�ks�<Usb�ghnGght�ija
t,
�

x̄i,
ghr#a�tzkstzghtvdfx]dfijn�Uskmg�n ��ksa��Qnyodyw�wha g�u xvdyw�w

i
�

yt+
i ,

ghr#a@dfijn�Uskmg�nfoUdyw�w	alg�u xvdyw�w
i
��n�Us�yrmg�d g�g�tzija

t
�

yt−
i ,

ghr#a@dfijn�Uskmg�nfoUdyw�w	alg�u xvdyw�w
i
w	n�x���d g�g�tzija

t
�

γi,
ghr#a�ghe{dfk#w�dyu ght�nyk5uln�w	g}o nye}ghe{dy�stzks�j��tzghr/dyw�wha g

i
�

rt,
ghr#a@u nykmg�eht��U�g�tzn�k5e{d g�a�dfg}ght�iGa

t
�

τ t,
ghr#a�xzacks�fg�r5nyo]g�tzija�b>ale�tzn��

t
�

τ̄ ,
ghrsa�x�alk#�fghr�nfoghr#a�b�aceht�n��Qbse�aculac��t�ks�Gghr#a �#e�w	g�b�aceht�n��

t
�

ct,
ghr#a@u nyk�w	n�xztv�sd g�tzn�k ! dyw�w	alg�w}n ~yace}xztvdf�st�x�t�g�tza�w #�d g�g�tzija

t
�

St,
ghr#a�eha�w	aceh~�a�e�a�6WUst�ehaciGackmg�w�d g}g�tzija

t
�

et,
ghr#a�tzk���n�e�n�U�g �#n � nyo]ijnyk#al�Qdfg�ght�iGa

t
! i(dytzksx���b>alk#wht�nykMb#d ��ijalkmg�w #W�

zt
q,

ghr#a�xzac~yalx9nyo:g�rsa�~�tzn�x�dfght�nyk�nfouln ~yace�eZUsx�a
q
dfg�g�tzija

t
�

fq,
ghr#a@w	a�u6Use�t�g"�jo d�uWg�nye}o nye�e�acwhale�~ya�u n ~�ale�eOU#xza

q
�

µq,
ghr#a�b�ack#dfxzg"�(o nye�~�t�nyxvd g�tzks�je�acwhale�~ya�u n ~yace}eOUsx�a

q
�
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ν,
ghrsa�b>alk#dyx�g"�Qo nye}g�rsa@u n�k�g�eht��U�g�tzn�kQe{d g�ay�

l∆r/u∆r,
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lr/ur,
ghrsa�x�n ��ace � Usbsb>ale}�>n�Usk#��n�kQg�rsa@u n�k�g�eht��U�g�tzn�k5e{d g�a�"
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��tzghrGg�rsa�xzacks�fg�r nyo#g�rsa�b�aceht�n�� b#eha�u ac�stzks��g�rsa���acult�wht�nyk�" 	 kGa�whwhalk�u a�ghrstvwqijacdyk#wghr#dfgUghrsa
ulnyijb#dykm� �yalg�wUg�n w	algqghrsa�u nykmg�eht��U�g�tzn�k(e�dfgha}ehalghe�n�d�uWght�~yacxz��" �}rsa�bsehn��sx�aliJtvwUo n�ehibUsx�dfgha��
t�k/g�rst�w��}d ��whtzk�u a@��a@�>alx�tzac~ya@g�r#d g�ghrstvw�t�w�d(��alg	g�ale�dfbsbse�n ��tzi(dfght�nyk�ghn�d�u n�k�g�tzk�Usn�U#whxz�
u{r�dfks��tzks�Gu n�k�g�eht��U�g�tzn�k(ghr�dfk5ghr#dfg�nyo:eha76WUstze�t�ks�@g�rsa�ulnykmghe�t��U�ght�nyk5e�dfgha�ghnG��a � ��ac�5n ~yace
d g�tzija�b>ale�tzn��9�sa�w	b>acult�dyxzx�����rsackQg�rsa�b>ale�tzn��sw}t�k 6�U#acw	ght�nykMdfe�a�x�nyk#�@" 	 k�ghrsa�gha�w"g{w�i(dy��a
t�kMghr#t�w���n�e�� �swhal~yack/dyw�w	alg�w�dfk��Mnyksa�e�acwhale�~ya�dfe�aYU#whac� " � x�x:dyw�wha g�w�dfk#�5ghr#a@eha�w	aceh~�a�dfe�a
d�whwOUsijac��ghn r#d ~yaQd �"nyt�kmgGx�ny��� ksn�ehi(dyx ��tvw"g�eht��U�g�tzn�k�" �}r#a5ijacdyk#wc�Ughrsa�~ dfe�t�dyk#u a�w dfk��
g�rsaQulnye�ehacx�dfght�nyk#w�nfo�ghr#acwha�dyw�w	alg�w�dfe�a(�yt�~yack.t�k � bsb>alk���t � �4ghny��a g�rsale���tzghr g�rsa(nfg�rsale
b�dfe{dfija g�ale{w%U�w	a��Qo n�e�n�Use�whtzibUsxvd ght�nyk�w."
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b>aleho nye�ijac� ��� ��n�U���alk��>ale���� ��	� � �]x�a g�alk`��� � �mxvdfk��.dyk#� 	 dyxzxvdyula ��	 �� �dyk#� �nyxeUs� a g
dyx ��	c���" �}rsa whtzibUsx�dfght�nyk#w�dyeha@ucdfe�eht�ac�5n�Usg�n ~yace�djkWU#i �>ale�nyo]g�acw	g�w�u alk�dfe�tznmw}�yalk#ale{d gha��
U�w	t�ks�Qn�Use�ijn���acx]nyoqghrsa eha�w	aceh~�a@dfk#�/d�whwha g�ehalgOUse�k#w?" �sn�e�acd�u{r/nfoqg�rsacwha@g�acw	g�w�u alk�dfe�tznmw
��a�alijbsx�n �(ghr#a�o nyx�xzn ��t�ks�jbse�n�ulac��U#eha �

� g�alb/��� � alg
t = 0

dyk#�5�ynGghn � g�albI��"
� g�alb 	 ��|�wha�ghrsa�g�acw	g�whulalk#dyeht�njdfk#�Qghrsa@w	g�dfgha�nfoghr#a�ulnyijb#dykm� � U#w"g�dfo ghace}ghrsa@��a�u tvw	t�nykMd g

ght�ija
t−1

ghn@��alksace�dfgha�ghrsa�w"g{d g�a�nfo ghr#a�u n�iGb�dfk�� � U#w	g��>a o n�eha�d���acult�whtzn�k(t�w i(dy��a
d g}g�tzija

t
"

� g�albI� ��|�wha ghrsajw"g{d g�a nfo ghrsaj��nye�x��Mnyo�ghrsaju6U#ehe�alkmg�w�dfijbsx�a � b#dfghr dfg�g�tzija
t
ghn��yacksale{d g�a

d(w�u alk�dfe�tznjg�ehaca�" �}rsa whtmdca@nfoUghr#a�ghe�ala@tvw�d��sdfb�g�ac�/whnjghr#dfg�tvw�xvdyw	g�w�g�njghrsa alk#�Mnyo
ghr#a@whulalk#dyeht�nGwht�i�Usxvd g�ac� "

� g�alb/���	��b�g�tzijtedla@g�rsa ijn���acx]n ~�ale}ghr#a@ghe�ala�����alksace�dfght�ks�Qd��sacu tvwhtzn�kMo nye�g�rsa ulnyijb#dykm�Md g
ght�ija

t
"��}r#t�w}��a�u tvw	t�nyk�tvw#U#whac�(g�nG�sa ghacehijt�ksa�ghrsa�w"g{d g�a�nyo`ghrsa�u n�ijb#dfk��(d o g�ale�ghrsa

��a�u tvw	t�nyk�t�w}i(d���a@d g}ght�ija
t
�#dfk���g�rst�w�w"g{d gha�tvw�w	ghnye�ac��"

� g�alb ��� 	 o
t < T

ghr#alk/w	alg
t := t + 1

dyk#���yn ghn � g�alb
1
"

� g�alb � ��|�wha}ghr#a�w"g�nye�ac� w	g�dfgha�wqnfo�ghrsa�ulnyijb#dykm��g�n@��a g�ale�ijtzksa�g�rsa�ghnyg�dyx�b�ack#dfxzght�acw�dyk#� ghrsa
ghacehijt�k#dfx9~ dyxmUsa�nyo]g�rsa@u n�iGb�dfk�� ��g�rsacwha�~ dfxeUsacw�dyehaAU#whac�Qghn(ac~ dyxmU�d gha�g�rsa@wcU�ulu a�whw
nfoUdjw	n�xmU�g�tzn�kMiGalghrsn��Mdfb#bsxzt�ac�Qghnjg�rsa�u6Use�e�alkmg�whulalk#dyeht�n@"

�}r#a ~ dfxeUsa@nyoqdQwhulalk#dyeht�n(t�w���a ��ksac�M���5ghrsa ghnfg{dfxdyw�w	alg�~ dfxeUsa d g�ghrsa alk#�Mnyog�rsa wht�i�U��
xvd g�tzn�k`��o e�nyi ��r#t�u{r���a���a���U#u g�dfx�x9ghrsa�b>alk�dfxzght�acw}t�k#u6Use�e�ac�5nyk5ghrsa��}d ��"

	c�



	 k�w"g�alb6�/dy��n ~�ay���aQw	g�dfgha�� ghr#dfg@ghr#aQx�alks�yghr nyo�g�rsa5w�u ack#dfe�t�nMghe�ala�tvw d��sdfb�g�ac��whn
ghr#dfg tzgGxvdyw	g@g�nIghr#aQalk�� nfo�g�rsa5wht�i�Usxvd g�tzn�k�" 	 o�g�rsale�a5dyehaQdIrstz��r k�Usi �>aleGnfo�b>ale�t�n��#w
ehaci(dft�kstzk#�#�mghrstvw�ijacdfk�w g�r#d g���a�k#alac��ghnjdf���ye�al��dfgha�g�tzija�� w	g�dy�yacw�t�kQnye{��ace g�nG��a g�d@g�ehaca
nfo�i(dfk#dy�yacdy�sx�a�whtmdca�" � t�k#ulaId ksal� ��acult�wht�nyk t�wjg{d���alk acdyu{r �ya�dfe(t�k ghrsaIwhtzibUsxvd ght�nyk:�
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�]t���U#eha���� � �sdyb�ght�nykMnyo:ghr#a�ghe�ala�w	tedla�g�njghrsa�e�ali(dft�kst�ks�jwhulalk#dyeht�n x�alk#�fghr "

�}r#a�g�acw	g}b#ehn�u a���Use�a�o n�e�g�rsa�b�n�xztvu �(��dywhac��ijalghrsn��5t�w}whtzijt�x�dye?"���n ��al~�ale��yg�rsa�b�n�xztvu �
t�wn�b�ght�ijtmdcac� nyksx���nyk#ula�dfk#�@ghrsa}e�acwOUsx�g�tzk#��b>nyx�t�ul�@tvw�U�w	a���Usk�dfxzghale�ac�@ghrse�n�U#�yrsn�U�gUdyxzxmg�acw	g
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ghrsa w"g{d gha�nyo]g�rsa ulnyijb#dfk��Qdfo ghace�d���a�u tvw	t�nyk�r#dyw���acalk/i(dy��a�" �'Use�ghacw	g�w�dfe�a@w	t�ijtzxvdfe}g�n
��nyghr.ghrsnmw	aj��n�ksaj�m����n�U���alk��>ale���� �
	� dfk�� �xzalghack`� ��� ��xvdfk#�.dfk#��	 dfx�x�d�u a ��	 �� �:��rsn
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e�a�6WUst�e�acw�dybsbse�n ��t�i(d g�alx�� w	x�t��yrmghx�� x�acw�wqg�r#dfkQ��ijt�k�U�gha�wl�mi(d���tzk#��t�w b�nmwhwhtz�#xza}g�n w	n�xz~�a�nyksa
g�acw	g�uld�w	a�n ~yace}kstz��rmg?"
	 rsackIdjb�n�xztvu � � �#dywhac��w	n�xmUsght�nyk/dfbsb#ehnmdyu{r�t�w�n�b�ght�ijtmdcac�9����aYU�w	a@d(wha g�nyo �y�y�y�Ge{dfk��

�snyijxz�5�yacksale{d g�ac��whulalk#dyeht�n�w?"��}rsa w�dfija�w	alg�nfo �f���y�Gwhulalk#dyeht�n�w}tvwaU#whac�5o n�e�dfx�x`b>nyx�t�ultza�wl�
i(d��mt�ks�Gghr#a@u nyijb#dyehtvwhnykQa�dywhtzace?"
� t�k#u a ��a@�sn�ksnfg ��ksn ��r#n � g�rsa d�whwha g{w�nye�g�rsa ulnykmghe�t��U�ght�nykMe{d g�a w	r#n�Usxv�M��a w	alg�tzk

g�rsa �#e�w	g�w"g{df�ya�nfo`g�rsa�ghacw	g�whulalk#dyeht�n#����a�w	alg}dyxzx�ghe{dfk�whd�uWght�nyk�uln�w	g�w�ghn
0
dyk#�(e�alijn ~ya�ghrsa

ulnyk#w	ghe{dft�kmg ! �yt # o nye}g�rsa �#e{w"g�w	g�dy�ya�nfoqdfx�x`w	t�i�Usxvd g�tzn�k#w?"

� 	�� � ��+ '�� '�$&(���( $&�
	 kQghrstvw���n�e��G��a�g�acw	g}d kWU#i �>ale}nfo:��t 2 ale�alkmg�b>nyx�tvu t�acw�df��dytzk�w"g�acdyu{rQnfghr#alen" �}rstvw}w	a�uWg�tzn�k
��tz~�acw�djwhrsnyehg���acw�u e�tzbsght�nykQnyo]g�rsalt�e�whb�a�u t���uldfght�nyk#w?"
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�=8\: � � 	�� ��dfgOUse{dfx�x��y����a5i(d � d��s��e�acw�w@g�rsa5��tz~�alk6ghacw	gjbsehn��sx�ali
U�w	t�ks�6n�e��stzk#dyeh�,w	ghn�u{r#dyw	ghtvu/x�tzk#acdfe5bse�ny�ye{dfijijt�ks�@" 	 k�ghrstvw���n�e�����a.r#d ~yaIU�w	a�� g"��n
whr#dyb�a�w5nyo@ghr#a g�ehacay��r#d ~�tzks�6o n�UseMdfk�� �#~�a w	g�dy�yacwc��e�acwhb>acuWg�tz~�alx���" 	 a;U�w	a ��t 2>acehack�g
whr#dyb�a�wl�9dyw���a dfe�a dfo e�dyt���g�r#d g�ghr#a k�Usi ��ace�nyo �se{dfk#u{rsa�w�t�kIg�rsa x�nyk#�yale�ghe�ala iGt��yrmg���a
dI�st�g ghn�n/xzn �Y" � w ijalkmght�nyksa�� bsehac~�tzn�U#w	x��y�]ghr#a�k�Usi �>ale@nyo�w"g{df�ya�w�df���ye�al��dfgha��It�k ghrsa
w�u ack#dfe�t�n@ghe�ala�w ��t�x�x9~ dyeh�j��tzghr5ghrsa�e�ali(dft�kst�ks� x�alk#�fghr5nfo]ghrsa�gha�w"g�w�u alk�dfe�tznmwl�mdyw��yt�~yack�tzk
�df�#xza 	 dfk#� �]t���U#eha �@"	�}rsaGwhulalk#dyeht�njghe�ala�w�dfe�a@��alksace�dfghac����� �sg	g�tzk#��ghr#a x�n ��ace�nye{��ale
ijn�iGackmg�w?" �#nye ����dfk#� 	����#e�dyk#u{rsacwc��ghrsa�o n�UseUxzn ��acw	g]ijnyijack�g{wUdfk#�@ghrsa�u n ~ dyehtvdfk#ulacw]dfe�a
�#g	gha�� " �sn�e 	����se{dfk�u{rsacwc�#g�rsa ghrse�alaGxzn ��acw	g�ijnyijack�g{w�dyk#�/g�rsaju n ~ dfe�t�dyk#u a�w�dfe�a �#g	gha��9�
dyk#��o nye ���se{dfk#u{r#acw�n�ksxz�Qghrsa g"��n(x�n ��acw	g�iGn�ijalkmg�w�dfe�a �sg	g�ac� " �#nye�r#tz��rsale�kWU#i �>ale�nyo
�#e�dyk#u{rsacwc�swhal~yace�dyx9w	alg�w�nyon�U�g�ulnyijacw�dyeha�u n�i �st�ksa�� " � w�ghrsa@e{dfk���nyi �st�w	ghe�tz�@U�ght�nyk#w�dfe�a
d�whwOUsijac�@ghn���a�w	g�dy�sxza��f��a��U#tzxv� d�b>nmn�x�nfo 	��y�y��w	alg�wnfo�n�U�g{u nyija�w:o n�eUacdyu{rGu n�i �st�k#d g�tzn�k
nyo�e�ali(dytzkst�ks�Mx�alks�yghr�dfk#�.k�Usi �>ale nfo��#e�dyk#u{rsacw?" � a g{w�nfo}n�Usg�u n�ijacw�o e�nyiNg�rsacwha(b�n�n�x�w
dyeha�g�rsalkMe{dfk#��n�ijxz��ulnyi �#tzksa��5ghnGo nye�i ghe�ala�w."
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� � < ��� 4 �}rsa���acult�whtzn�kQ��rstvu{rQ��a�dyeha�ghnGi(d���a
��t�x�x]a�whwhalkmghtvdfx�x��5~ dfe�����t�g�rIg"��n�b#dfe{dfijalghale{w�� g�rsa u.Usehe�alkmg�u nyk�w	n�xztv�sd g�tzn�k/dfk#�Mg�rsa@g�tzija
e�ali(dytzkst�ks��g�n@g�rsa�ack#��nyo9ghrsa�w	t�i�Usxvd g�tzn�k�" 	 kQnye{��aceqghnGuldfbsgOUse�a�ghr#t�w}��acb�ack#��alk�u �jtzk�ghrsa
wht�iGb#xza�w"g�b�nmwhwhtz�#xza��}d �y����a�u nyk�w"g�eOU#u g d��st�xzt�ksa�dfe b>nyx�tvu ��"����G�stzx�t�ksacdye ��a�ijacdfkjg�r#d g ghrsa
d�whwha g�iGt��Iu{rsn�whalkMtvw�x�tzk#acdfe�tzk ��nyghr/g�rsa ulnyk#whnyx�t��#d ght�nykMx�al~�alx]dyk#��ghr#a e�ali(dft�kst�ks�jght�ija�"
�}r#a@dyw�w	alg}ijt��Qb#dye	g�nfoghr#a�b�n�xztvu �(o U#k#uWg�tzn�k�r#alk#ula�ulnyk#whtvw"g{w}nfoo n�Use�d�whwha g}ijt ��acw?" � d�u{r
nyo]g�rsa�o n�Use�b>nyx�tvu t�acw�e�albse�acwhalkmg{w�djulnye�ksale�nfoghrsa@dyeha�d@g�nj��a�t�kmghale�b>nyxvd gha�� " �}rsa�u n�ehksace�w
dyeha ��a �#k#ac�/dyw�	#�G��acdfe{w�e�ali(dft�kst�ks��dfk��Mksn��ya�dfe{w�e�ali(dft�kst�ks�#��eha�w	b>acu ght�~yalx��y��acd�u{r���tzghr
n�ksaGiGt��/o nye�rst��yr u n�k#w	n�xztv�sdfght�nykIdfk��Inyk#a o n�e�x�n �Ju n�k#whnyx�t��sdfght�nyk`�>e�acwhb�a�uWght�~yacxz��"�	 r#d g
tvw(u n�k#wht���aceha�� ghn �>aMrstz��r dyk#� x�n � ulnyk#whnyx�t��#d ght�nyk6~ dyxmU#acw(dfe�aQb�dfe{dfija g�ale{w ��rstvu{r,dfe�a
n�b�ght�ijtmdcac� " 	 o�ghrsa.u nyk�w	n�xztv�sd g�tzn�k6o dyxzxvw(n�U�g�wht��sa/ghrsa/t�kmghacehb>nyxvd g�tzn�k t�kmghaceh~ dfx ��ghrsa iGt��
ulnye�eha�w	b>nyk���tzk#� g�n g�rsa@u x�n�whacw}a ��ghe�alija�~ dyxmU#a�tvwaU#whac��"
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�]dy�sxza 	 � � bsx�t�g � df���ye�al�md gha���w	g�df��acw�o nye�w�u ack#dfe�t�n g�ehacacw?"

�}r#aG��a�w	t�e�ac�Iulnykmghe�tz�@U�ght�nyk.e�dfgha tvw�dfxvw	n�w	b>acult ��ac� d�w�d5x�tzksa�dfe�o Usk#u ght�nyk nfo �>nfg�rIghr#a
u n�k#w	n�xztv�sdfght�nyk dyk#�Ig�rsajehaci(dft�kstzk#��ght�ija�" �sn�Use�b#dfe{dfija g�ale{w�whb>acu tzo � dfg���rstvu{r u nyk�w	n�xzt��
�sd g�tzn�k ~ dyxmU#acw�g�rsa�u n�k�g�eht��U�g�tzn�k e�dfgha�whrsn�Usxv� ��a�wha g ghn/tzg�w@i(d ��t�i�U#i=dfk��.ijt�kst�i�Usi
~ dfxeUsaGo nye��Mdfk#� 	#�Q�ya�dfe{w�e�ali(dft�kst�ks�#�:eha�w	b>acu ght�~yalx���" � w�ulnyk#w	ghe{dft�kmg ! � ��#�i(d �Ii(d��yaGtzg
tzijb>n�w�w	t��sx�a�ghn�e�acdyu{r6ghrsaI�sacwhtze�ac��~ dfxeUsay����aIu{r#nmnmw	a5ghr#aIu nykmg�eht��U�g�tzn�k�e{d g�a���r#t�u{r t�w
u x�n�whacw	gqghn ghrsa��sacwhtze�ac�je{d g�ay�y��r#tzx�a�w	ght�xzx���actzk#� t�k#w	tv��a�g�rsa�t�kmghaceh~ dfx\" �}rst�w�u n�ehe�acwhb�n�k#�swg�n
bse�n �"acu ght�ks� ghrsa@��a�w	t�e�ac��w	n�xmU�g�tzn�k5n�kmghnGghrsa�o a�dywhtz�#xza�wha gc��dyw}ijalkmght�nyk#ac�5tzk � a�uWght�nyk ��" �"

	 kGnye{��ace:g�n�d ~�nytv��a �sulacw�w	t�~ya ghe{dy��t�ks�#� g�rsa�dyw�w	algijt��@t�wUk#nfgo nye{u ac�@ghn�a �sd�uWghx��@u n�ijbsxz�
��t�g�r6g�rsaMb�n�e	gho nyx�tzn o n�Usk#���m��t�kmghacehb>nyxvd g�tzn�k�"
	 k#w	gha�dy�9����aM��a �#ksa/d ksn g�e�d���aMehac�yt�nyk
dfe�n�Usk��jghrsa�t�k�g�ale�b�n�x�dfgha���dyw�w	alg�ijt�� �sdyk#�jg�rsa �#k#dfx>b#dye�dyiGalghace�whb�a�u t��#acw ghr#a�whtedla�nyo`ghr#a
ksn�� ghe{dy�sa�e�al��tzn�k�"���alk�u ay��g�rsa@dyu ght�nyk5ghnjg{d��ya�tvw�o n�Usk���d�w�o nyx�xzn ��w��

	 �t�k#� ghr#a�u nyk�w	n�xztv�sd g�tzn�k.b#eht�nye�g�nIu n�k�g�eht��U�g�tzn�k �m� ��t�~mtv��t�ks�/g�rsa�dyw�w	alg�w�r#alxv� �m�
g�rsa�eha�w	aceh~�a�"U|�wha�ghrstvw�ulnyk#whnyx�t��#d ght�nykQghn �#k#�Mdju n�kmghe�tz�Usght�nyk�e�dfgha�"

� ��e�n �"a�uWg�g�rsa@u n�k�g�eht��U�g�tzn�k5e{d g�a�ny��g{dft�ksac�5nykmghnGg�rsaYUsbsb>ale�dyk#��xzn ��ale}�>n�Usk��sw���a��
�#k#ac��tzkMa76�U�d ght�nyk�w ! �yt # � ! � ��#B"

��|�w	a ghrsa@b#ehn �"acuWg�ac�/ulnykmghe�tz�@U�ght�nykMe{d gha@ghn�n���g�dytzk�ghr#a u n�k#whnyx�t��sdfght�nyk/d o g�ale�u nykmg�eht��
�Usght�nyk�" |�w	a�g�rst�w�u nyk�w	n�xztv�sd g�tzn�k�g�nGn���g�dytzk�g�rsa@��acwht�eha��5d�whwha g}ijt � "

� ��e�n �"a�uWgjghr#aMu.Use�ehack�gjdyw�w	alg�wGrsacx���nykmghn.ghr#a�k#n g�e�d���a5e�al��tzn�k ! ulalkmghaceha��6dyehn�Usk#�
g�rsa ��a�w	t�eha��Mdyw�w	alg�iGt��Qo n�Usk#�M���Qt�kmghacehb>nyxvd g�tzn�k #����Qijtzk#tzijtedlt�ks�(ghr#a�ghe{dfk#w�dyu ght�nyk
uln�w	g�wc�y��rst�xza�e�a�6WUst�e�tzks��g�rsa�e�acwOUsx�g�tzk#�@dyw�w	algUijt�� g�n���a�tzk#whtv��a}ghrsa�ksn�� ghe{dy��a}e�al��tzn�k�"
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� � < � 	 k nye{��ace�ghn u e�acd g�aQdIb>nyx�tvu � �#dywhac� n�k6w	ghn�u{r#dyw	ghtvu(bse�ny��e�dyi �
ijt�ks�#�9��a whnyx�~ya@ghrsa � ��� bse�ny�sx�ali o n�e�dQkWU#i �>ale�nfo���t 2 ale�alkmg�w	g�dfgha�w�nyoqghrsaj��nye�x��9� dfk��
g�rsalk �#k#� dMw	n�xmUsght�nyk ���/t�kmghale�b>nyxvd ght�ks����alg"��acalk ghrsa�w	ajbse�a � nyb�g�tzijtedla�� w	g�d g�acw?" ! � w���a
dyxze�acd�����r#d ~yaGdQwha g�nfo�whnyxeU�ght�nyk�w�e�acd�����o ehn�iFg�rsajw"g�n�u{r�dyw	ghtvu@bse�ny��e�dyiGijt�ks�Qdybsbse�n�dyu{r:�
��aAU#w	a�ghrsaciG" # 	 kQn�e��sale�g�n b>aleho nye�i ghrsa�t�k�g�ale�b�n�x�dfght�nyk`�m��a�o nye�iDg"��n�g�dy�sxza�w." �}rsa �#e{w"g
g{df�sx�aQ��tz~�acw�g�rsaM��acwhtze�ac��ulnykmghe�t��U�ght�nyk�e{d g�aQdyw dMo Usk#u ght�nyk nyo�ghrsa�u n�k#w	n�xztv�sdfght�nyk�5,-�C6E�FO-
g�rsa�u n�k�g�eht��U�g�tzn�kQe{d g�a�t�k#u n�ija�tvw}dy�s�sac� "��}rsa�whaculnyk#�Qnyksa��yt�~ya�w�g�rsa@��acwht�eha��Qdyw�wha g}iGt��
d�w�d o Usk#uWg�tzn�kMnfoghrsa@ulnyk#whnyx�t��#d ght�nyk�( C,/2-6F ghrsa@ulnykmghe�tz�@U�ght�nyk5e�dfgha�tzk�u nyija�tvw�dy�s�sac� "��}rsa
g{df�sx�acw}dyeha�o nye�iGa�������whnyehght�ks�@g�rsa�g�df�#xza�w�o e�nyiDg�rsa � � �,uld�w	a��m�(t�k#uleha�dywhtzks� u nyk�w	n�xztv�sd��
g�tzn�k`��d o ghace���rstvu{rjghrsa�w	n�xmU�g�tzn�k#w�dyeha�d ~�ale{df�ya��@��� ijn ~�t�ks�@d���tzk���n �,nfo xzacks�fg�rQ�f��dfx�nyk#�
g�rsaGxztvw"gn" 	 k nye{��ace�ghnMuldyb�gOU#eha ghrsajw	n�xmUsght�nyk#w���alb>alk#�salk#ul�/nykIg�rsaGehacijdytzk#tzks��ght�iGa��9��a
o n�ehi nyksa�g{df�sx�a�o nye�acd�u{r5b>n�w�whtz�sx�a�ehaci(dft�kstzk#�jw�u ack#dfe�t�n x�alks�yghr�"
	 a�ksala��.ghnI�>a�uldyehalo Usx���rsack u nyk�w"g�eOU#u ght�ks��ghrsa5u nykmg�eht��U�g�tzn�k.e{d g�ajg�df�#xza�" � w�ghrsa

ulnykmghe�t��U�ght�nyk e�dfgha@tvw�d32>a�uWg�ac�/���/u n�k#w"g�e�dytzkmg ! �yt #W� ��a uldyk/ksnfgAU#wha@ghr#aGwhnyxeU�ght�nyk�w�o e�nyi
g�rsa(w"g�n�u{r#dyw	ghtvu@bse�ny��e�dyijiGt�ks�jg�acw	g��stze�acu ghx���" 	 k#w	gha�dy�/��a n���g�dytzk.ksal�2w	n�xmU�g�tzn�k#w��m�/e�a �
eZUsksk#tzks��ghrsa alkmght�eha w"g�n�u{r�dyw	ghtvu�bse�ny�ye{dfijijt�ks�Gghacw	g�ucdywha���rst�xza ehacx�d ��t�ks�jg�rsa ulnyk#w	ghe{dft�kmg
! �yt #�o nye�dfx�x�w	g�df��acw�nfo�ghrsa(whtzibUsxvd ght�nyk ""! ��ehac~�tzn�U#w	x��/g�rst�w�ulnyk#w	ghe{dft�kmg��}dyw�e�alxvd ��ac� nyksx��
o n�e}ghrsa ��e�w	g�w"g{df��a�" #
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ultza�wl�>dfk#��b#dye�dyija ghacehtedla��Qb>nyx�tvu t�acw?"�	 k�ghrsa�w	a b�n�xztvu t�acwc�#d(wOUs�y��acw	ghac��dyw�wha g�ijt �Mdfk#�Mulnyk��
g�eht��U�g�tzn�kQe{d g�a�dyeha�ny��g{dft�ksac�Q�m�(t�kmghacehb>nyxvd g�tzn�k(o ehn�i d�g{df�sx�ay�sd�w t�k�g�rsa�bsehac~�tzn�U#w b>nyx�tvu �
! ghrsa g�dy�sxza xzn�n���Usb/tvw���dywhac��nykMg�rsa ulnyk#whnyx�t��#d ght�nyk�e{d gha #B" � w���a���acxzt�al~�a�ghr#dfg�g�rsa@�stvdyw
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� ��t 2 ale�alkmghtvdf�st�x�t�g"� t�wQghr#a.��tvwhulehalghaIk�d gOU#eha.nfo@�>nfghr�ghrsa.b�n�xztvu � dfk��,ghrsa.b�ack#dfxzght�acw
U#whac� " 	 kQn�e��sale�g�n a ��bsx�dytzkQghrstvwc�m��a�ulnyk#whtv��ale�ghrsa�uld�w	a���rsalkQghrsa�b#dye�dyiGalghacehtedla��(b�n�xztvu �
t�w dfbsb#xzt�ac� g�nInyk#a5w�u alk�dfe�tzn�" � w�g�rsaQb>alk#dyx�g�tza�w@o n�e x�n � u nyk�w	n�xztv�sd g�tzn�k�dfe�aQdfbsb#xzt�ac� t�k
w"g�alb#wc�]ghrsaceha(a ��tvw	g�w d/wha g nfo}b�n�xztvu � b#dfe{dfijalghale{w�wcU�u{r ghr#dfg@ghrsa5u nyk�w	n�xztv�sd g�tzn�k o n�e�ghr#a
x�d�w"g(w	g�df��a�r#d�w a �sdyuWg�xz� g�rsa5~ dyxmUsa�nfo�nyksaMwcU�u{r6w"g�alb�" ��alk#ulaQg�rsaM~ dfxeUsa5nyoTU#whtzks�.ghr#a
b�n�xztvu �6��tzx�x���a/k#nyk�� ��t 2>acehack�g�t�dy�sx�a�dfgGg�rstvw�w	alg(nfo�b�dfe{dfija g�ale{wl� d�w(dfk tzk�u e�acdywhaMdfk#� d
��aculeha�dywha�t�k5u n�k#whnyx�t��sdfght�nyk(��t�xzx9ucdfe�eh�j��t 2>acehack�g�ehac��dye��#w." �}rsa[U�w	a�nfo:d ksn�� ghe{dy��a�ehac�yt�nyk
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�tz��Useha ��� ��ac~yalx�nyb#iGackmg}nyo:g�rsehaca@��t 2>acehack�g�w	ghe{d g�al�yt�acw?"

��t�x�x>e�acwOUsxzg�t�k�g�rsa�w�dfija�bsrsalk#nyijalksn�k �]ghrsaceha�a ��tvw"g}w	alg�w�nfo`b#dye�dyija ghace ~ dfxeUsa�w�wOU#u{r(g�r#d g
g�rsaGb�n�xztvu �/��t�xzxU�>a n�kIg�rsa �>n�U#k#�sdfe��Mnfo�g�rsaGksn�� ghe{dy��a ehac�yt�nyk`� b>n�w�w	t��sx���e�acwOUsxzght�ks�Qt�k.d
k#nyk�� ��t 2>acehack�g�t�dy�st�xztzg"��"
	 rsalk(��a�nybsght�iGtedla�ghrsa�b>nyx�tvu �@o U#k#uWg�tzn�k`����aaU#wha�d�xvdfe��ya}k�Usi �>ale
nyo]w�u alk�dfe�tznmwl��acdyu{rQnfo`��rstvu{rQ��t�xzx>r#d ~�a�d@k�Usi ��ace�nyo:ksn�k�� �st 2 ale�alkmghtvdf�#xza�b�n�tzkmg�wc�mijd���tzks�
g�rsa�b�n�xztvu � o Usk#u ght�nyk u nyk�w	tvw"g nfo�dIk�Usi ��ace nyo�u n�k�g�tzk�Usn�U#w�o d�u alg�w?" � w@g�rsa5k�Usi ��ace nyo
w�u ack#dfe�t�n�w%U#w	a��(o n�e�ac~ dfxeU#d g�tzn�kQt�k#u e�acd�w	a�wl��ghrsa�k�Usi ��ace�nyo`o dyula g{w}tzk#uleha�dywhacwc��i(d��mt�ks� ghrsa
w�uldyxza�nyoUghrsa@eZUs���yac�sksacw�w}nfoUghr#a�o Usk#u ght�nyk wOUseho dyu a@whi(dfx�xzace?" �Usehghr#ale�iGn�eha��stzoqghrsa@b>nyx�tvu �
o U#k#uWg�tzn�k/��n�Usx��5�>a@dfbsbsx�t�ac�5ghn(d(u n�kmght�kWU#n�U#w�e{dfk#��n�i ��tvw"g�eht��U�g�tzn�k`��g�rsa@wcU#e	o d�u a���n�Usxv�
�>a@whiGn�nyghr�"

	 k nye{��ale�g�n/tzx�xeU#w"g�e�dfghaGghr#a(ksnyk�� u n�k�~ya ��tzg"�Idfk#� ksn�k�� ��t 2 ale�alkmg�t�dy�stzx�tzg"�Info�ghrsa(b>nyx�tvu �
b#ehn��sxzaciM�m��a�ac~ dfxeU#d g�a�ghr#a�r����se�t��Qb�n�xztvu �Go nye �f���y�@w�u ack#dfe�t�n�w�nyo:x�alks�yghr 	����ya�dfe{wl�m��rst�xza
~ dyeh��t�ks��ghrsa�g"��n �#e{w"g�b>nyx�tvu � b�dfe{dfija g�ale{w." �}rsa�e�acwOUsx�gqo e�nyiJghrsa�w	a}g�acw	g eZUsk#w�dyeha}bsx�nfghghac�
t�k �t���Use�a �#�qtzx�xmU�w"g�e�dfght�ks�/ghr#a5ksn�k�� u nyk�~�a ��t�g"� nfo�ghr#a5bse�ny�#xzaci " � wGd ulnyk#wha�6WUsack#u a�nyo
g�rstvw�ksnyk�� u n�k�~ya ��tzg"�y�>��aGuldyk ksnyg��>a(wcUse�a@g�r#d g���a r#d ~�a d�uWgOU�dfx�xz�Mo n�Usk#�/g�rsajnyb�g�tzibUsi
��r#alkQ��a�dyeha�w	a�dfe{u{rst�ks��o nye�ghrsa�nybsght�ijdyx>wha g}nfo]b#dfe{dfija g�ale{wqt�k�ghr#a�r����se�t���dyk#�(�st�x�tzksa�dfe
b>nyx�tvu t�acw?" 	 k nye{��ace@ghn.��aculeha�dywhajghrsa�ehtvw�� nfo���a ghght�ks�.w	gOU#u � t�k6d/�#d���xzn�ucdfx ijt�kst�i�UsiM�
��a w	g�dye	g�ghrsaGnybsght�iGtedcdfght�nyk.�m�Mb>aleho nye�ijtzks��d���ehtv� � w	a�dfe{u{r5o n�e�g�rsaGrm���se�tv�/b�n�xztvu t�acw?" � w
g�rsa �#t � xzt�ksa�dfe�b>nyx�t�ul��r�dyw�� .b#dfe{dfija g�ale{wl��dyk,d�ulu.Use�dfgha/��ehtv� w	a�dfe{u{r�tvw�k#nfgQb>n�w�w	t��sx�a�"
�#nyeGghr#t�wjw	ghe{d ghac�y� ��a�t�k#w"g�acd���ghe�� ghn d ~yn�t���x�n�uldyx�ijt�kstzi(d.��� w"g{dfehght�ks�Io e�nyi d x�dyeh��a
k�Usi ��ace�nfo�e{dfk���nyiLw	g�dye	g�tzks�5b�n�tzkmg{w." �}rsacwha e{dfk���nyiNb>nyt�kmg�w�dfe�aGulalkmghaceha�� dyehn�Usk#�Idyk
dybsbse�n ��tzi(d g�a5whnyxeU�ght�nyk:��o n�U#k#�6��� i(dykWU�dfx�xz� �sghght�ks� ghrsaMb>nyx�t�ul� b#dye�dyiGalghace�w ghn i(d���a

��	



ghrsa�b�n�xztvu �Go Usk�uWght�nyk5i(d g�u{rjg�rsa�w	n�xmU�g�tzn�k#w�n���g�dytzk#ac�jo e�nyi2ghrsa�w	ghn�u{r#dyw	ghtvu�bse�ny��e�dyijiGt�ks�
dfbsb#ehnmdyu{r�"
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�tz��Use�a ��� �����se�t��5b>nyx�t�ul�Q~ dfxeUsa�dyw�d o Usk#u ght�nykMnfoghr#a�g"��n(u n�k#whnyx�t��sdfght�nyk���t�w	gOU#eh�#dyk#u a�w."

� ��� ^���Z �5_]T � ^�_ �@^�S 
 �5P:\ �5R}P � � PV
	 k<ghrstvwI��nye ����a�r#d ~ya�i(d���a d�u n�ijb#dfe�t�whnyk���alg"��acalk�b#dye�dyija ghacehtedla�� b>nyx�tvu t�acw dyk#�
w"g�n�u{r#dyw	ghtvu�x�tzk#acdfe}bse�ny��e�dyijiGt�ks��o n�e �	� pBbUse�b�nmw	a�w."�	 a�r#d ~ya�w	rsn ��k�ghr#dfg�g{df�U#x�dfght�ks�
w	n�xmUsght�nyk#w o e�nyi d k�Usi �>alejnyo�w	ghn�u{r#dyw	ghtvu�xzt�ksa�dfejbse�ny�ye{dfijijt�ks� ! � � � #jwhnyxeU�g�tzn�k#wGijd �
w	b>ala�� Usb�g�rsa�eZUskskst�ks�Inyo�g�acw	gGucdywhacw���tzghrsn�U�gGd/wht��ykst���uldykmg xznmwhw@tzk b>aleho nye�i(dfk#ula�"�	 k
dy�s�st�g�tzn�kI��a r#d ~ya whrsn ��kMg�r#d gAU#w	t�ks�Qg�df�#xza�� �#d�w	a��Mb�n�xztvu t�acw�tzk.u nyi �st�k#d g�tzn�k/��t�g�r nybsght��
ijtmdcac�j��tvw"gZUseh��dfk#ulacwUt�iGb#ehn ~�acw]ghrsa�b>aleho nye�i(dfk#ula o n�eqxzn�ks��whulalk#dyeht�n�wc�fdywU��a}i(d �@ehacijn ~ya
w	n�ijaG�#t�d�w�w	ghacijiGt�ks�Mo e�nyiNg�rsa(df���ye�al��dfght�nyk/nyo}w	g�dy�yacw�t�k g�rsa � � �<dybsbse�n�d�u{r�" � b#dfehg
o ehn�i<ghrsa}t�k#u e�acd�w	a�w:t�kGb�ace	o n�ehi(dfk�u ay�fd�b>nyx�t�ul�@�#dywhac� �	� pFwh��w"g�ali�tvwUacdywht�ale]ghn�tzkmg�ale�bsehalg
dfk#��u n�iji�Uskstvuldfgha�dyw�g�rsa�b>nyx�t�ultza�w�dfe�a�a ��bsxztvu tzghx��5d ~ dytzxvdf�sx�a�o nye�t�k#w	b>acu ght�nyk�"
���ju n�i �st�kst�ks�@d � � ���#dywhac�(wh��w"g�ali ��t�g�r�d�b�n�xztvu �G�#d�w	a��Gwh��w"g�aliDw	n�ija�dy��~ dfkmg{df�ya�w

n ~yaceqghrsa�g"��n whalb�dfe{d gha�wh��w"g�ali(w�i(d �G��a�i(dy��a�" � k � � �6�#dywhac�(wh��w"g�ali r#dyw�ghrsa�dy��~ dfk
�
g�dy�yaGnfo e�a�6WUst�eht�ks�Qo al�Jb#eht�nye�dyw�wcU#iGbsght�nyk#wc�`dyw�ghrsa<U#whale�nyo�ghrsa(wh��w"g�aliN�yt�~ya�w�k#n�t�ksbUsg
nyk5ghrsa�b#ehn�b�ace	g�tza�w}nfoghrsa@whnyxeU�ght�nyk " �}r#a�ijdytzkM��tvwhd���~ dfkmg�dy�ya�nfoqdfk � � � ��dywhac��w	��w	ghali
t�w�t�g{w�t�k#df�st�x�t�g"�Qghn(r#dyk#��x�a djx�dyeh��a�kWU#i �>ale�nyo]g�tzija@b>ale�tzn��sw�dfk#� � nye�djxvdfe��ya�k�Usi �>ale�nfo
dyw�w	alg�w?" 	 k dy�s��tzght�nyk:� dyk � � � �#d�w	a��Iw	��w	ghaci[tvw�tzijbse{dyu ghtvuldyx`ghn���nye �5��tzghr/o n�e�g�acw	ght�ks�#�
dyw�g�rsa@u n�iGb@U�g�dfght�nyk#dyx>e�a�6WUst�e�alijalkmg�w�dyeha�e{d ghr#ale�rst��yr�"
� w@o n�e b@Useha5b#dfe{dfijalghale�tedlac� b>nyx�tvu t�acwc�UghrsactzeGi(dft�k6dy��~ dyk�g{df��a�n ~yace dfk � � �J��dywhac�
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wh��w"g�ali tvw@g�rsalt�eGdy�st�xztzg"� ghn r�dfk#��x�a5dIx�dyeh��a�k�Usi �>aleGnfo�g�tzija � b>ale�tzn��sw?" 	 k6d��s��tzght�nyk`��d
b>nyx�tvu ���#dywhac�/wh��w"g�ali ��n�acw�k#nfg�ksacac�/d�w�u ack#dfe�t�njghe�ala ��d�wha g�nyoqtzk#�salb>alk#��ackmg�w�u alk�dfe�tznmw
tvw�wcU�4(ultzackmgc�`��rstvu{r i(d��yacw�tzg�b>n�w�whtz�sx�a ghn U#w	aGb#dye�dyiGalghacehtedla��/b�n�xztvu t�acw�t�k ulnyk � U#k#uWg�tzn�k
��tzghr/ulnyijbsx�a �5w�u ack#dfe�tznG�yacksale{d g�tzn�kQija g�rsn��sw?"
�}rsaceha�dfe�a�g"��n ijd �"nye �se�d ���#d�u ��wqnfo�U#wht�ks� d@b>nyx�tvu �G�#dywhac��wh��w"g�ali � �#e�w	ghx��y��ghr#a[U#whale

ibU#w	g�w	ght�x�xUwhb>acu tzo �/g�rsajb�n�xztvu �Mo Usk�uWght�nyk:�`��rstvu{r tvw�d5ksn�k�� g�eht�~�t�dyx:g{dyw��^" � aculnyk#�sxz���9nyb�g�t �
ijtedlt�ks��b>nyx�t�ul�@o Usk#u ght�nyk#w�dfe�a}�yalk#ale{dfx�xz�@k#nyk�� u n�km~�a �@bse�ny�#xzacijwU��r#t�u{r(r#d ~�a�dfkjny���"a�uWg�tz~�a
o U#k#uWg�tzn�k ��rstvu{r tvw�a ��b�ack#w	t�~ya ghn�al~ dfxeU#dfghay� i(d���t�ks�(g�rsaliNr#dye��/ghnMw	n�xz~�ay�>al~yack/ghr#n�Us��r
g�rsa�k�Usi �>ale�nyo~ dyehtvdf�sx�acw�tvw�whijdyxzx\"
	 rsack���a�ulnyi �#tzksaUg�rsaqg"��n�w	��w	ghacijwc����aq��t�xzx�eha���U#ulaUghrsaqbse�ny�#xzacijw`nfo�w	t�i�Usxvd g�tzk#�}ghrsa

whnyxeU�g�tzn�k#w�nfodGw	ghn�u{r#dyw	ghtvu�bsehn��ye{dfijijtzk#�@�#dywhac��dfb#bsehnmdyu{r`��dyw���alx�x9dyw�i(d��ya�ghr#a�e�acwOUsxzg�w
a�dywhtzace�ghn�tzkmghacehb#ehalgc�`��tzghrsn�U�g@whd�u e�t �>u t�ks�Qb>aleho nye�i(dfk#ula�" 	 k dy�s�st�g�tzn�k`�9ghr#aGb#ehn��sxzaci(w�nyo
whalx�acu ght�ks� ghr#a w	r�dfb>a/nfo�ghrsaIb>nyx�tvu � o U#k#uWg�tzn�k t�w(e�ac�U#u a��9��dfxzghrsn�Us�yr,��aIw"g�tzx�x�ksacac� ghn
u{r#nmnmw	aGg�rsa�w	r�dfb>aGnyo g�rsa���tvw"gZUseh��dfk#ula�" !���r#nmnmw	t�ks�MdM�#dy� whr#dfb>aGo nye�ghr#a���t�w	gOU#eh�#dyk#u a
whrsn�Usx��5rsn ��al~�ale�ksnfg�r#d ~�a�dyw}��eha�d g�dfk5tzijb#d�uWg�nyk5ghrsa�n ~�ale{dfx�x�e�acwOUsxzg�d�w}d ijtvwhwhb>acu t��#a��
b@Useha�b>nyx�tvu ��o U#k#uWg�tzn�k�" # �}r#a�ijd �"nye���e{d ���#d�u �Gnyo�U�w	t�ks��dGr��m�#ehtv�Mdfbsbse�n�d�u{rQtvw�ghrsa@o dyuWg
g�r#d g���a k#alac� ghn�t�iGb#xzaciGackmg��>nfg�r dyk � � ����dywhac� whnyxeU�g�tzn�k`�`dfk#� d5b�n�xztvu �/�#d�w	a��In�ksa�"
��alk#ula}ghrsa�r����se�t�� b>nyx�t�ultza�wqi(d �@ijnye�a}dybsbse�nybse�tvd ghacxz���>a�w	acalk(dywqd�rsa?Use�t�w	ghtvu�ghn�t�iGb#ehn ~�a
dyk � � ��� �#d�w	a��Qijn���alx\"

	 k@g�rstvw:��nye ����a r�d ~ya�n�ksxz��x�n�n��ya���d gnyksa�w	b>acult ��u�dfk���a ��ghe�alijacxz��w	t�ijbsx�a�t�k#w	g�dfk�u a nyo
dyk �	� p � bsehn��sx�aliG" 	 k d��s��tzght�nyk`� g�rsale�a tvw]acw�w	ack�g�t�dyxzx���nyksx���nyksa�w"g{d gha �9ghr#a�u n�k#whnyx�t��sdfght�nyk�"
�}r#a bUse�b>n�wha�nfo�g�rst�w]��nye ��r#d�w`�>alalk ghn�a ��bsxzn�eha ��rsa g�rsale:ghrstvw:ijalghrsn��@r�dyw:dyk���b>nfg�alkmghtvdfx
nyo�t�k#uleha�dywhtzks�5ghr#a(b�ace	o n�ehi(dfk�u ajnfo�n�Use�ijn���alx nfo�d � ��a���t�whr xztzo a(t�k#wcU#e�dyk#u a(u n�ijb#dfk���"
� w�ghrsa�ghrsa�e�acwOUsx�g{w�dyeha�b�nmw	tzght�~ya���g�rsa�k#a ��g�x�ny��t�ucdfx>w"g�albQ��n�U#x��(�>a�ghn t�ijbsx�alijalkmg}rm���se�tv�
b>nyx�tvu t�acwQo nye5ghr#dfg5ijn���alx\" � ehac~mt�n�U�w	x�����a r�d ~ya/nyk#xz�,t�iGb#xzaciGackmghac��ghrsa.bUse�aIg{df�sx�a �
��dywhac�jb>nyx�t�ul�G��tzghrQksn@nybsght�iGtedcdfght�nykjo n�e�ghr#t�w�ijn��salx\"���U#w	g�dyw tzk�ghrstvw ��nye � ��a�o n�Usk#�(ksn
wht��ykst���uldykmg��t 2>acehack#u a���alg"��acalkbU#w	t�ks��d�g�dy�sx�a � �#dywhac��b>nyx�tvu ��dfk#��U#whtzks��ghrsa � � ��� whnyxeU�g�tzn�k
�stze�acu ghx���" �sn�e�ghrsaQtzk#wOUse{dfk#ula(ijn��salx ��aQdyx�whnMo n�Usk�� ghr#dfg�U#whtzks� xzn�ks�yacec�]iGn�eha(k�dfe�ehn �
g�ehacacw tzk#uleha�dywhac� b>aleho nye�ijdyk#u a��]ac~yack���rsalk g�rsaQx�n ��ace�k�Usi �>ale nfo��se{dfk#u{rsa�w�i(dy��a�ghrsa
whnyxeU�g�tzn�k#w}~yaceh�XUsk�w"g{df�sx�a�"

�%Use�ehackmghx��(ghrsa�t�ijbsxzacijalkmg�dfght�nyk�nfo:g�rsa�r����sehtv��b>nyx�tvu ��tvw}tzk#a 4�u t�alkmgc��dyw���a`U#wha � � �
whnyxeU�g�tzn�k#wUo e�nyi2d�k�Usi ��ace�nfo9e�nyx�xzt�ks��rsn�ehtedln�kGwhtzibUsxvd ght�nyk�wUghn�o n�ehi n�UseUg{df�sx�acw?" � ��alg	g�ale
dybsbse�n�d�u{r.tvw�g�nIijnye�a�uldfe�a o U#xzx��.whalx�acu g@ghrsa � � ��� bse�ny�sx�ali(w�g�nI�>a5whnyx�~yac�`�`ghn.w	b#dyk ghrsa
t�kmghaceha�w"g�tzks�Ge�al�yt�nykQnfo]b>n�w�whtz�sx�a�w"g{d gha�w." �}rstvw}ijtz��rmg�ac~yalk5��a�i(dy�sa�n�k5��aci(dfk#�9�swhnyx�~�tzk#�
k#al� � � � w}��rsack�ghr#a��sdfg�dy�#dywha�o dytzxvw�ghnGbsehn ~�tv��a�d �yn�n���wha g}nfo]whnyxeU�ght�nyk�w g�n t�kmghale�b>nyxvd gha
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